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METHODS AND COMPOSITIONS FOR 

REGULATING FADD 

This application is a continuation-in-part of applications U.S. Serial Nos. 
5 08/416379 and 08/443,982, filed April 3, 1995 and May 18, 1995, respectively, the 

contents of which are hereby incorporated fay reference mto the present disclosure. 

This invention was made in part with support fiom the United States 
government under Grant No. CA 64803 from the National Institutes of Health. 
Accordingly, the United States govcnunent has certain rights in this invention. 

10 Field of the Invention 

This invention relates to FADD-mediated ceUular functions and methods for 
the regulation of FADD-mediated ceUular functions in a population of cells. 

Background of the Invention 

Programmed cell death (PCD) is a physiologic process essential to the normal 
1 5 development and homeostatic maintenance of multicellular organisms (reviewed in 

Vaux et al. (1994) Cdi 76:777-779 and Ellis ct al. (1991) Ann. Rev. Cell Biol. 7:663- 
698). Apoptosis, often equated widi PCD, refers to the morphologic alterations 
exhibited by '^actively" dying cells which include cell shrinkage, membrane blebbing 
and chromatin condensation. (For a general review of apoptosis, see Tomei, L.D. and 
20 Cope, P.O. Apoptosis; The Molecular Basis of Cell Death (1991) Cold Spring Harbor 
Press, N. Y.; Tomei, LJ).; Cope, P.O. Apoptosis H; The Molecular Basis of Apoptosis 
in Disease (1994) Cold Spring Harbor Press, N.Y.; Duvall and Wyllie (1986) Tmmim. 

7(4):n5-l 19 and Cohen (lQ93 Hmmunnl. Today 14:126-130.) In contrast, 
necrosis, sometimes referred to as accidental cell death, is defined by the swelling and 
2S lysis of ceUs that are exposed tot xic stimuli. 
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Indeed, one of the m^or diazactoistics of AIDS is tbe gradual depletion of 004" T 
lymphocytes during the development of the disease. It is therefore advantageous to 
have compositions and methods which vail manipulate apoptotic cell death. 
Several mechanisms, including apoptosis, have been suggested to be 

5 responsible for the CD4+ ceil depletion. It is speculated that apoptotic mechanisms 

might be mediated either directly or by the virus replication as a consequence of the 
HTV envelope gene expression, or indirectly by priming uninfected cells to apoptosis 
vdien triggered by different agents. 

The dq)letion of CD4+ T cells results m the impairment of the cellular 

10 immune response. It has been reported that an inappropriate activation-mduced T cell 
PCD causes the functional and numerical abnonnalitses of Th cells from HIV-infected 
patients, that leads to ±t near collapse of the patient's immune system. (Brunner, T. 
et al. (1995) MatUIS 373:441-444; Dfaein, J. ct al. (1995) liatUIfi 373:438-441; and Ju, 
S-T, et al. (1995) Matuifi 373:444-448). 

15 Therefore, it is advantageous to block apoptosis and the ensuing depletion of T 

cells, especially in HIV infected individuals. Accordingly, a need exists to maintain T 
ceil function and viability in HIV infected individuals and to provide systems to 
screen for new drugs that may assist in maintaining the cellular immune response. 
Tins invention satisfies these needs and provides related advantages as well. 



* 
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Summary of the Invention 



This mvention provides a novel purified protein, and recombinant proteins and 
polypeptides designated ''FADD'*. Equivalents, as well as muteins, analogs and 

5 fiagments ±€nof, of the proteins and polypeptides also are jHOvidcd by this 

invention, "FADD" has been shown to have the ability to modulate cellular functions 
associated with the Fas/CD95/APO-l and TNF Necrosis Receptor-1 (TNFR-1) cell 
surface receptors, and in particular, apoptosis induced by activation of the receptors 
by binding of their respective ligands. In some embodiments, the proteins and 

1 0 polypeptides augment i^ptosis and in other embodiments, they inhibit or prevent 

apoptosis. The proteins and polypeptides are fdither characterized by having the 
ability to bind the cytoplasmic region of a Fas receptor. 

Also provided by this invention are nucleic acid molecules coding for the 
above proteins and polypeptides. Further provided herein are antibodies c^ble of 

1 5 specifically fonning an antibody complex with the FADD protems and polypeptides 

described herein, as well as the hybridoma cell lines that produce the antibodies. 

This invention fiirthcr provides an agent characterized by having the ability to 
inhibit the binding of a FADD protein or polypeptide of this invention to the 
cytoplasmic domain of a Fas receptor and its mediation of TNFR-1 induced apoptosis. 

20 Methods of modulating a cellular fimction regulated by the Fas and TNFR-1 

receptor pathway in a suitable cell also are provided herein. The methods comprise 
introducing into the cell a FADD nucleic acid and growing the cell under suitable 
conditions such that the nucleic acid is transcribed and translated into FADD protein 
in the cell. 

25 Additionally, methods for screening for an agent usefiil to modulate cellular 

function regulated by the FADD pathway, the method comprising the steps of: a) 
providing a cytoplasmic domain of the receptor bound to a solid support; b) 
contacting the agent to be tested with the receptor bound support of step a) under 
conditions favoring binding of the cytoplasmic domain to the receptor to FADD; c) 

30 contacting detectably-labeled FADD to the solid support of step b) under conditions 

&voring binding of the cytoplasmic domain of the receptor to FADD; d) detecting the 
presence of any complex fonned between the receptor and FADD to form receptor- 
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FADD complex; e) die absence of complex being indicative that tilie agent inhibits 
binding of FADD to the receptor; and Q analyzing the results of step d) to detennine 
how the agent modulates the cellular function regulated by the FADD pathway. 
Further provided are methods for screening for an agent useful to modulate 
5 cellular functions regulated by the FADD pathway, the method comprising the steps 

of: a) providing a cytoplasmic domain of a FADD (e.g., Fas or TNFR-1) bound to a 
solid support; b) contacting detectably-labeled FADD to the solid support of step a) 
under conditions fevoring binding of the cytoplasmic domain receptor to FADD; c) 
contacting the agrait to be screened with the receptor bound support of step b) under 

1 0 conditions favoring binding of the cytoplasmic domain to the receptor to FADD; d) 
detecting the presence of any complex formed between the receptor and FADD to 
form a receptor-FADD complex; and e) the absence of complex being indicative that 
the agent competitively inhibits binding of FADD to the receptor, and f) analyzing the 
results of step e) to detennine how the agent modulates the cellular function regulated 

IS by the FADD pathway. 

Brief Description of the Figures 

Figure 1 shows that full length FADD specifically interacts with the 
cytoplasmic domain of Fas in yeast This figure shows the results of P-galactosidase 
filter assays performed on Y190 yeast expressing the GAL4 activation domain-FADD 
20 fusion protein and indicated heterologous GAL4 DNA binding domain fusion 
proteins. 

Figures 2A and 2B show sequence analysis of FADD and its novel death 
domaia Figure 2A (Seq. ID Nos. 1 and 2) is the coding strand of the cDNA sequence 
of isolated FADD and the deduced amino acid sequence of the FADD protein product 

25 The boxed nucleotides rqxresoit an in-fiame stop codon 1 30 base pairs upstream of 
iht initiator methionine. The 5' end of clones 8 and 1 5 isolated in the yeast two- 
hybrid screen are indicated with arrows. The death domain is underlined while the 
valine residue altered to an asparagine in FADDmt (Seq. ID Nos. 1 and 2) is indicated 
by the closed triangle. A potential poly (A) adenylation signal (ATTAAA) is 

30 overlined. 
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Figure 2B (Seq. ID Nos. 3 through 6) shows the death domain of FADD and 
its amino acid seqiience homology to other death domains. Solid black shading refers 
to identical residues and gray shading indicates conservative amino acid substitutions 
relative to ^sequence of FADD. The aixow indicates the amino acid residue, which 
5 when substituted by an asparagine, disrupts binding and/or signaling in the respective 

proteins. 

Figures 3 A and 3B show that FADD is expressed in a variety of tissues and 
developmental stages. In Figure 3 A, a human adult tissue Northern blot (Clontech) 
was probed with FADD cDNA, PBL=pcriphcral blood leukocyte. Figure 3B is a 

10 human fetal Northern blot (Clontech) that was probed as in Figure 3A. 

Figures 4A through 4C show the specific interaction of GST-Fas and 
GST-Fas-FD5 with in vitro translated FADD and FADD expressed in transfected 
293T cells. Figure 4A is a schematic representation of the GST fusion proteins 
containing the cytoplasmic domains of Fas, Fas mutants, and TNFR-1 . Amino acid 

15 residues are given for selected junctions and numbering is based on the mature form 

of the receptor. The Z^r mutant (V^'-4N^') of Fas is represented by an asterisk. 
The gray shading represents the death domain of FAS. Binding ofFADD to the 
various GST fiision proteins is depicted to the right and is based on data from B, 
below. 

20 Figure 4B shows die interaction of m vitro translated, ^^S-labeled FADD with 

variotis GST fusion proteins immobilized on glutathione-Sepharose beads. After the 
beads woe washed, retained FADD protein was analyzed by SDS-PAGE and 
autoradiogtEq)hy(iqyper panel). The gei was Coomassie stained and the bands 

•■r 

representiQg the various GST fusion proteins were aligned to show equivalency of 

25 loading Oower panel). 

In Figure 4C, 293T cells were transfected with HA-epitope tagged FADD 
(HA-FADD) and metabolically labeled with ^^S-methionine and cysteine. Detergent 
lysates were prepared and incubated with the various GST fusion proteins 
immobilized on glutathione-Sepharose beads. After washing, the complexed beads 

30 were dissodated and immunopredpitated with an anti-HA (a-HA) antibody which 
should recognize HA-FADD. The samples were then analyzed by SDS-PAGE and 
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autoradiography (ufyper panel). The respective GST iiision proteins were shown as in 
B (lower panel). 

Figures 5A through 5D show in vivo association of FADD with Fas and 
Fas-FD5. Figure SA is a schematic representation of Fas and Fas mutants transfected 
5 into 293T cells. The black square represents the FLAG*epitope tag engineered 5 

amino acids downstream of the putative signal sequence of Fas. The open rounded 
rectangles represent the 3 cysteine-rich subdomains of the extracellular domain of Fas, 
while the cytoplasmic residues contain the death domain (gray rectangle) and a 
putative negative regulatory domain (shaded oval). Residue numbering is based on 

1 0 the mature form of the icceptoT and the amino acid sequence is given for selected 

junctions. The Lpr mutant Cv^'*^N^*)of Fas is represented by an asterisk. In vivo 
FADD binding is described to the right of the schematic along with relative cell death 
caused by Fas and its mutants. Binding was determined by the method as described 
by Itoh et al. (1993) £fiU 66*233^243. 

IS For the results shown in Figure SB, 293T cells were cotransfected with 

HA-FADD and FLAG-epitope tagged Fas and Fas mutants (as depicted in Figure S A) 
and metabolicaliy labeled with ^'S methionine and cysteine. Detergent lysates were 
then immunoprecipitated with anti-FLAG (a-FLAG) mAb and isotype-matched 
control antibody and analyzed by SDS-PAGE and autoradiography to show 

20 expression of FLAG-tagged Fas and Fas mutants. White asterisks indicate relative 
position of Fas and its mutants. 

In the results shown in Figure SC» 293T lysates (as in Figure SB) also were 
iminunoprecipitated with a-HA antibody to show HA-FADD expression. 

Figure SD shows the coimmunoprecipitation of FADD with Fas and mutants. 

2S A fiaction of the a-HA immunoprecipitates (used in Figure 5C) were dissociated and 

reimmunoprecipitated with an a-FLAG antibody. 

Figure 6 shows that FADDmt fails to bmd Fas, suggesting a death domain to 
death domain interaction. 293T cells were transfected with AUl-epitope tagged 
FADD (AUl-FADD) or AUl-FADDmt metabolicaUy labeled with ^^S-methionine 

30 and cysteine. Detergent lysates were prepared and incubated with various GST fusion 

proteins immobilized on glutathione-Sepharose beads. The samples were analyzed by 
SDS-PAGE and autoradiography (upper panel). The respective GST fusidn proteins 
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are shown as in Figure 4B (middle panel). To show that equivalent amounts of AUl- 
FADD and AUl-FADDmt were expressed and subsequently incubated with the 
beads» an aliquot of the respective lysates was inununoprecipitated with a-AUl 
antibody and visualized by SDS*PAGE and autoradiography (bottom panels). 

Figures 7A through 7C show that expression of FADD in BJAB cells induces 
apoptosis ^ch is inhibitable by CrmA, Shown in Figure 7 A is a previously 
characterized BJAB cell line expressing CrmA (as described in Tewari et al. (1995) L 
Biol, rhei^, 270:3255-3260) and a corresponding vector control line which were 
transiently transfected with pCMV ^-galactosidase in the presence or absence of an 
equimolar quantity of pcDNA3AUl-FADD. The cells were cytocentrifiiged, fixed, 
and stained for p-galactosidase (yellow) and vdth propidium iodide (red). Shown in 
Panel 1 is a vector control line transfected with P-galactosidase. Panel 2 shows vector 
control line transfected with p-galactosidase and pcDNA3-AUl-FADD. Panel 3 
shows CiTVLl-expressing line transfected with P-galactosidase. Panel 4 shows the 
CniL4-expressing line transfected with P-galactosidase and pcDNA3-AUl-FADD. 

In Figure 7B, at least 100 transfected cells, processed as in Figure 7A, were 
counted and designated as apoptotic or non-apoptotic as detemiined by cell 
morphology. 

Figure 7C shows immunostaining of AUl-FADD (green) which was 
transiently transfected into a BJAB cell line expressing CrmA, Propidium iodide 
staining (red) reveals nuclei. 

Figures 8A and 8B show biological and functional effects of expression of 
FADD and mutants in MCF7 cells. Figure 8A (left panel) shows overexpressioh of 
FADD and ^-galactosidase in MCF7/mutant CrmA cells. In the right panel, 
overexpression of FADD and P-galactosidase in MCFl/CrmA cells is shown. Cells 
were stained with X-gal and examined by phase contrast microscopy. See Table! for 
details. Figure 8B is a schematic representation of FADD and mutants. Amino acid 
residues are given for selected junctions. The point mutation of FADD (V'^'«-»N'^') 
is represented by an asterisk. The gray and black rectangles represent the death 
domain of FADD and an AUl-cpitope tag, respectively. Ability of the various 
mutants to induce cell death in MCF7 cells is described to the right of the schematic 
and is based on data fiom Table 1 . 
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Figures 9A duough 9D show that FADD mediates CD95 signal tiansduction. 
In Figure 9A, BJAB oeUs expressing FADD-DN are resistant to CD9S*induced 
apopujsis. llie indicated ceU lines were incubated for hours with various 
concentrations of anti-Fas IgM and cell death assessed by nuclear morphology. At 

5 least 250 cells were counted in 3 independent experiments (mean ± SD). Expression 

of FADD-DN is shown in the photographic insets. FADD-DN migrates as a doublet 
around 18 kDa due to post -translational modification (sec Kischel, F.C. (1995) 
ENfBO 14:5579-5588). The TUNEL assay is shown in the graphical inset and at least 
250 cells were counted in 3 independent experiments (mean ± SD). In Figure 9B, 

10 anti*CD95*induced ceramide generation is abrogated by FADD-DN. The indicated 
BJAB cell lines were treated ^th anti-Fas IgM (Iw'ztsl) for the various times listed 
and ceramide ieveb subsequently assessed (mean ± SD; x^3). Significant levels of 
ceramide could not be detected at 5-, 10-, 30- and 60- minute time points (inset). In 
Figure 9C, C2H:cramide (C2), but not C2- dihydroceramide (DHC2), can bypass the 

15 dominant negative effect of the FADD derivative. The cells characterized include 

BJAB-vector, BJAB-FADD-DN, and BJAB-sFADD-DN. As a control, cells were 
also exposed to the structurally-related inactive analog, C^-dihydroceramide as 
described in Bielawska, A. et al. (1994) J. Biol. Chem. 268:26226*26232. Viabitities 
were not decreased significantly^ thus validating the specificity of the cytotoxic efEiect 

20 ofC2-ceramide. The x axis refers to the concentration ofsynthetic ceramide used and 
the y axis refers to viability as assessed by MTT conversion. Viability is expressed as 
percentage of vehicle-treated control i: SEM. Results are representative of three 
in(!tependent experiments. In 9D, CD95-induced activation of the apoptotic protease 
Yama is blocked by FADD-DN. BJAB vector and BJAB-sFADD-DN were left 

25 untreated or treated with 100 ng^mlanti-FAS IgM for 18 hrs. Lysates were then run 
on a 15% gel and immunoblotted with polyclonal antibodies directed against the 1 7 
kDa and 12 kDa subunits of Yama (upper panel). Cleavage of the death substrate 
poly (ADP-ribose) polymerase also was assessed Oower panel). 

Figures lOA and lOB show that FADD mediates TNF-induced cell death, but 

30 not TNF-induced NF-kB activation. In Figure 1 OA* the stable cell lines utilized 
include MCF7-sFADD-DN which represents a pool of 9 resistant clones and a 
contsponding MCF7-vector control. Expression of FADD-DN is shown in the left 



wo 96/31609 



PCrAIS96/02857 



panels. FADD-DN migrates as a doublet around 1 8kDa possibly due to post- 
transladonal modification. The indicated celllines were either 1 ft untreated (UnRx) 
or treated with anti*Fas IgM (2S0ng/ml) plus cycloheximide (CHX, lOfig^ml) or 
lOOng/mlTNF for 24 hours and stained with propidium iodide. Similar results were 
5 obtained using anti-APO-1 antibody plus soluble Protein A in the absence of CHX. 

Phase contrast micrographs are shown with corresponding confocal microgr^hs 
(insets) depicting nuclear morphology. In Figure lOB, MCF7-vector or MCF7- 
sFADD-DN cells were transfected with an NF-KB-dependent E-selectin-luciferase 
reporter construct (see Rothe et ai. (1995) ScifiDCC 269:1425-1427) and were either 

10 untreated or treated with TNF for 9 hrs. Luciferase activities were assessed af. 

described in Rothe et al. (1995) supra, and values shown are mean ± SD of three 
independent experiments. 

Figures 1 1 A and 1 IB show a possible mechanism for the inhibitory action of 
FADD-DN. In Figure 1 lA, 293T cells were co-transfected with AUl-epitope tagged 

15 FADD constructs and FLAG-tagged constructs encoding CD95, TNFR-1 and B94. 
Ihe cells were lysed and FADD or FADD-DN was immunoprecipitated with anti- 
FADD polyclonal antibody, run on a 15% SDS polyacrylamide gel and subsequently 
transferred to a nitrocellulose membrane. Co-precipitating FLAG-Fas and FLAG- 
TNFR-1 were identified by immunoblotting with anti-FLAG antibody. B94, a 73 kDa 

20 protein known in the art and described in Sarma et al. (1992) J. Jmmunol. 269:3302- 

33 12, did not co-precipitate with FADD, verifying the specificity of the protein- 
protein inteiactioa Ail transfected omqxments were assessed for e)q)ression by 
immunoblotting ceil lysates. In Figure 1 IB, a truncated dterivative of FADD exerts a 
dominant negative effect by displacing endogenous FADD fiom activated CD95 and 

25 thereby inhibits DISC fonnation. BJAB-vector(iq)per panels) and BJAB-sFADD-DN 
cells (middle panels) were metabolically labeled (with '^S cysteine and mediionine), 
lysed with Triton X-100, immunoprecipitated with anti-APO-l/PA-Scpharose, and 
subsequently analyzed by 2D IEF/12% SDS-PAGE. As expected, the four CAPs 
(Cytotoxically-dependent APO-l-Associated Proteins, see Kirsdiel (1995) st^a) as 

30 well as FADD-DN, Med to associate with the un-activitated (not oligomerized) 

APO-1. However, cells stimulated with anti-APO-l for 5 min and Ifasn lysed, show 
association of the four CAP proteins with the activated recq^tor in vector transfected 
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cells. By cootxast, in FADD-DN esqjzessing cells, FADD-DN associated with the 
oligomerizedAPO-l while the CAPs did not Hie lower left panel is a sdiematic 
illustration of the migration positions of APO-l, CAPs, and FADD-DN. Large open 
anew head: migrationpositionsof endogenous FADD(CAP1, 2). Large closed 
5 arrow head: FADD-DN. Small open arrow head: CAP3 (26 kDa) and CAP4 (55 

kDa). APO-1 runs as an array of spots axound 54 kDa on the basic half of the gel. 
FADD-DN was identified in activated sFADD-DN cells by immunoblotting using 
anti*AU 1 antibody (lower right panel). 

1 0 Detailed Description of the Invention 

Although the moiphologic features of cell death are well described, the 
molecular mechanisms behind apoptosis remain undefined. Recent work on PCD in 
the nematode Caenorhabditis elegans suggests that CED-3 initiates the cell death 
program (Yuan etal. (1993) £dl 75:641-652). Sequence analysis revealed that C£D- 

15 3 is similar to the mammalian interleuidn-ip (IL-lp) convoting enzyme (ICE); a 

cysteine proteinase involved in the processing and activation of pro-IL-lp to the 
active c^kme (Cenetd et al. (1992) SdfiQ^ 256:97-100 and Thombeny et al. (1992) 
UsiittS. 356:768-774). Overexpression of ICE in mammalian cells Induced apoptosis, 
suggesting that ICE, or a related protease, may be an essential component of the cell 

20 death pathway (Miuia et al. (1993) £kil 75:653-660). 

If a CED-3 like protease is presumed to be a distal effector of the mammalian 
ceU death pathway, the proximal conq)onents that lead to its activation remained to be 
identified 

Two ceil surfim cytokine receptors, Fas/APO-1 antigen and the receptor for 
25 Tumor Necrosis Factor (ThfF), have been shown to trigger apoptosis by natural 

ligands or specific agonist antibodies (Baglioni, C. (1992) The Molfte ules and Their 
Emerging Roles in Medicine (Raven Press, N. Y., N. Y.); Yonehaia et al. (1989) L 
E252.Alci 169:1747-1756; Itoh et al. (1991) Cdl 66:233-243; Trauth, B.C. et al. 
(1989) Sfidcncc 245:301-305). The Fas antigen is involved in the negative selection of 
30 thymic T-lymphocytes and mice carrying a point mutation in the cytoplasmic domain 
of Fas exhibit a li^us-like lymphoproliferative autoimmune disorder (Lpr) 

. to - 
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(Watanabe-Fukunaga ct al. (1992) liaJutt 356:314-317). Recently, the Fas-mediated 
ceUpatfavvay has been implicated in the activatioQ-induced death f T-cells (Dhein et 
al., J. (1995) stqfra; Bnmner, T. ct al. (1995); «(p«r, and Ju ct al. (1995) Ji^pra.) 
While the main activity of Fas is to trigger cell death, the TNF receptor (TNFR) can 
5 signal an array of diverse activities such as apoptosis, fibroblast proliferation, 
resistance to chlamidlae and synthesis of prostaglandin E2 (Tartaglia, L.A. et al. 
(1992) Immunol. Today 13:151-153). 

The activation of Fas and TNFR is caused by receptor aggregation mediated 
by their respective ligands or agonist antibodies. The signal is thought to be 

10 transduced by clustering of the intracellular domain (Boldin, M.P. et al. (1995) J- Biol- 
£hfim. 270:387-391 and Song, H.Y. et al. (1994) LBifiLChsOL 269:22492-22495) 
vMch encompasses a region vs^ch is significantly conserved in the Fas antigen as 
well as in TNFR-1 (Tartaglia et al. (1993) supra and Itoh, N. ct al. (1993) J- BioL 
Chem. 266:10932-10937). This shared "death domain" suggests that both receptors 

15 interact with a related set of signal transduction molecules that had, until this 

disclosure, remained unidentified. 

Provided herein is the molecular cloning and characterization of "FADD" a 
£as Associating protein with a novel Death Domain. 

Dgfinitiong 

20 The terms "proteins", "peptides" and "polypeptides" are used interchangeably 

and are intended to include molecules containing amino acids linearly coupled 
through peptide bonds. TheaminoaddscanbeintheLorDformsolongasthe 
biological activity of the polypeptide is nudntained. For example, the protein can be 
altered so as to be secreted from the cell for recombinant production and purification. 

25 These also include proteins vdiich are post-translationally modified by reactions that 

include glycosyiation, acetylation and phosphorylation. Such polypeptides also 
include analogs, alleles and allelic variants which can contain ammo acid derivatives 
or non-amino acid moieties that do not afiect the biological or fimctional activity of 
theproteinascomparedto wild-Qpe or naturally occurring proteirL Thetermamino 

30 acid refers both to the naturally occurring amino acids and their derivatives, such as 
TyrMc and PheCl, as well as other moieties characterized by the presence of bodi an 
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available caiboxyl groi^ and an amine group. Non-amino add moieties ^ch can be 
contained in such polypeptides include, for e3canq>le, amino acid mimicking 
stiuctuies. Minucking structures are tbosestnictures^wluchexMbitsub^ 
same spatial arrangement of functional groiQ)S as amino acids but do not necessarily 
5 have both tiie I-amino and I-caiboxyl groups characteristic of amino acids. 

** Muteins" are proteins or polypqstides which have minor changes in amino 
acid sequence caused, for example, site-specific mutagenesis or other manipulations; 
by errors in transcription or translation; or which are prepared synthetically by rational 
design. These minor alterations result in amino acid sequences wherein the biological 

10 activity of the protein or polypeptide is altered as compared to wild-type or naturally 

occurring polypeptide or protein. Examples oft ADD mmeins are FADDmi and 
AUl-N-FADD described below. 

As used herein, the term "peptide bond" or "peptide linkage" refers to an 
amide linkage between a catboxyl group of one amino acid and the a->amino group of 

15 another amino acid. 

As used herein, the term "hydrophobic" is intended to include tiiose amino 
adds, amino add derivatives, amino add mimics and chemical moieties H^ich are 
non-polar. Hydrophobic amino acids include Phe, Val, Trp, He and Leu. As used 
herein, the tenn "positively charged amino acid" refers to those amino acids, amino 

20 acid derivatives, amino acid mimics and chemical moieties which are positively 

charged. Positively charged amino adds include, for example, Lys, Arg and His. 

"Purified" when refetring to a protem or polypeptide, are distinct fiiom native 
orruaturally occurring protdns or polypeptides because they exist in a purified state. 
These "purified" proteins or polypeptides, or any of tiie mtended variations as 

25 described herein, shall mean that the compoimd or molecule is substantially free of 

contaminants normally assodated with the compound in its native or natural 
environment 

"Native" polypeptides, proteins, or nucldc acid molecules refer to those 
recovered fiom a source occuning in nature or ''wild-type". 
30 A "compontion" is mtended to mean a combination of active agent and 

anotiier compound or composition, inert (for example, a detectable agent or label) or 
active, such as an adjuvant 
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A "phannaccutical composition" is intended to include the combination f an 
active agent with a carrier, inert or active, making the composition suitable for 
diagnostic or therapeutic use in vitro^ in vivo or ex vivo. 

As used herein, the tenn "phaimaccutically acceptable carrier" encompasses 

5 any of the standard pharmaceutical earners, such as a phosphate buffered saline 

solution, water, and emulsions, sudi as an oilAvatcr or water/oil emulsion, and various 
types of wetting agents. The compositions also can include stabilizers and 
preservatives. For examples of carriers, stabilizers and adjuvants, see Martin, 
Remington's Pharm. Sci.. IStii Ed. (Mack Publ. Co., Easton (1975)). 

10 The tenn "Nucleic acid** means single and double stranded DNA, cDNA, 

genome-derived DNA, and RNA, as well as the positive and negative strand of tiie 
nucleic acid that are complements of each other, including anti-sense RNA. A 
"nucleic acid molecule" is a term used interchangeably with "polynucleotide" and 
each refers to a polymeric form of nucleotides of any lengtii, eitiier ribonucleotides or 

15 deoxyribonucleotides, or analogs thereof It also includes known types of 

modifications, for example labels which are known in the art (e.g., Sambrook, et al. 
(1989) infra.), metfiylation, "caps", substitution of one or more of the naturally 
occurring nucleotides with an analog, intemucleotide modifications such as, for 
example, those with uncharged linkages (e.g., methyl carbamate, etc.), those 

20 containing pendant moieties, such as for example, proteins (including , e.g., nuclease, 

toxins, antibodies, signal peptides, etc.), those with intcrcalators (e.g., acridine, 
psoralen, etc.), tiiose containing chelators (e.g., metals, radioactive metals, boron, 
oxidative metals, etc.). those containing alkylators, those with modified Unkages (e.g., 
alpha anomeric nucleic acids, etc.), as well as unmodified forms of the polynucleotide. 

25 The polynucleotide can be chemically or biodiemically modified or contain non- 

natural or derivatized nucleotide bases. The nucleotides may be complementary to the 
mRNA encoding the polypeptides. These complementary nucleotides include, but are 
not limited to, nucleotides capable of forming triple helices and antisense nucleotides. 
Recombinant polynucleotides comprising sequences otherwise not naturally occurring 

30 are also provided by this invention, as are alterations of wild type polypqitide 

sequences, inch'^i«g but not limited to, those due to deletion, insertion, substitution of 
one or more nucleotides or by fiision to other polynucleotide sequences. 
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A polynucleotide is said to "encode" a polypeptide if, in its native state or 
when manipulated by methods well*known to those skilled in the art, it can be 
transcribed and/or translated to produce a polypeptide or mature protein. Thus, the 
tenn polynucleotide shall include, in addition to coding sequences, processing 

5 sequences and other sequences that do not code for amino acids of the mature protein. 

The anti-sense strand of such a polynucleotide is also said to encode the sequence. 

The tenn '*tecombinant" polynucleotide or DNA refers to a polynucleotide that 
is made by the combination of two otherwise separated segments of sequence 
accomplished by the aitificial manipulation of isolated segments of DNA by genetic 

10 engineering techniques or by chemical synthesis. In so doing one may join toge&er 
DNA segments of desired functions to generate a desired combination of f«mctions. 

An "analog" of DNA, RNA or a polynucleotide, refers to a macromolecule 
resembling naturally occurring polynucleotides in form and/or function (particularly 
in the ability to engage in sequence-specific hydrogen bonding to base pairs on a 

15 complementary polynucleotide sequence) but vMch diiSeis from DNA or RNA in, for 
example, the possession of an unusual or non-natural base or an altered backbone. 
See for example, Uhlmann et al. (1990) Chemical Reviews 90:543*584. 

''Isolated"" vAm reforing to a nucleic acid molecule, means separated from 
other cellular components nomially associated with native or wild-type DNA or RNA 

20 intracellularly. 

''Hybridization** refers to hybridization reactions can be performed under 
conditions of different "stringency". Conditions that increase the stringency of a 
hybridization reaction are widely known and published in the art: see, for example, 
Sambio6k,etal.,/^a. Examples ofrelevant conditions include Qn order of increasing 

25 stringency): incubation temperotures of 25 *C, 37 X, 50 *C, and 6S*C; buffer 

concentiations of 10 x SSC, 6 x SSQ I x SSC, 0.1 x SSC (where SSC is 0.15 M NaCl 
and 1 S mM citrate buffer) and their equivalent uang other buffer systems; foimamide 
concentrations of 0%^ 25%, 50%, and 75%; incubation times from 5 minutes to 24 hours 
and washes of increasing duration, increasing frequency, or decreasing buffer 

30 concentrations. 

Ta" is the ten^eratute in degrees Centigrade at which 50% of a polynucleotide 
duplex made of con^lementaiy strands hydrogen bonded in an antiparallel direction by 



Vi096l3im 



PCr/US96A>2857 



Wats(m<!ndc base pazing dissociates into sii^ 

experimem Tniiu^ be predicted accoiding to siaxidaidfoimul^ 

Tn « 81.5 + 16.6 log [Na*] + 0.41 (%G/Q - 0.61 (%F) - 600/L 
Mfhete Na^ is the cation concentration (usually sodium ion) in moI/L; (%G/C) is 
5 the number of G and C residues as a percentage of total residues in the di^lex; (%F) is 

the percent fonnamide in solution (wt/vol); and L is the number of nucleotides in each 
strand of the duploc. 

A "stable diq)Iex" of polynucleotides, or a "stable complex" fonned between any 
two or more conqxmetits in a biochemical reaction, refers to a di^lex or complex that is 

10 sufficiently long-lasting to persist between the formation of the duplex or complex, and 
its subsequent detection. Hie dMpiex or compiex must be able io withstand whatever 
conditions exist or are introduced between the moment of formation and the moment of 
detection, these conditions being a function of the assay or reaction which is being 
performed. Interveningcondidonswhichmay optionally be present and wfaidi may 

15 dislodge a di^lex or complex include washing, heating, adding additional solutes or 

solvents to fhe reaction mixture (such as denaturants), and con^tii^ vdtii additional 
reacting species. Stable duplexes or complexes may be irreversible or reversible, but 
must meet the other requirements of this definition. Thus, a transient complex may 
form in a reaction mixture, but it does not constitute a stable con:^)lex if it dissociates 

20 spontaneously or as a result of a newly imposed condition or manipulation introduced 
before detection. 

When stable duplexes form in an antiparallel configuration between two 
stngle-stranded polynucleotides, particularly under conditions of higjh stringency, the 
strands are cssentiaHy "complementary*. A double-stranded po^ucleotide can be 

25 "complementary" to anotiser polynucleotide, if a stable dnplcK can form between one of 
the strands of the first polynucleotide and the second. A complementary sequence 
predicted from the sequence of a single stranded polynucleotide is the optimtm 
sequence of standard nucleotides expoctcd to form hydrogen bonding with the 
stngle-stremded polynucleotide according to generally accepted base-pairing rules. 

30 A "sense" strand and an "antisense" strand vfbax used in the same context refer 

to single-stranded polynucleotides wfaidi are complementary to each other. Theymay 
be opposing strands of a double-stranded polynucleotide, or one strand may 8e predicted 



wo 96^1603 



PCT/US^2857 



fiom the other according to generally accepted base-pairing rules. Unless otherwise 
specified or implied, the assignment of one or the other strand as ''sense" or "antisense" 
is arbitrary. 

A linear sequence of nucleotides is "identical" to another linear sequence, if the 
5 order of nucleotides in each sequence is the same, and occurs without substitution, 
deletion, or material substitution. It is understood that purine and pyrimidine 
nitrogenous bases with similar structures can be functionally equivalent in tenns of 
Watson-Crick base-pairii)g; and the inter-substitution of like nitrogenous bases, 
particularly uracil and thymine, or the modification of nitrogenous bases, such as by 

10 methylation, does not constitute a material substitutioiL AnRNAandaDNA 

polynucleotide have identical sequences when the sequence for tiie RNA reflects the 
order of nitrogenous bases in the polyribonucleotide, the sequence for the DNA reflects 
the otder of nitrogenous bases in the polydeoxyribonucleotide, and the two sequences 
satisfy the other requirements of this definition Where at least one ofthe sequences is a 

15 degenerate oligonucleotide comprising an ambiguous residue, the two sequences are 
identical if at least one ofthe alternative forms of the degenerate oligonucleotide is 
identical to the sequence with which it is bdng conquered. For example, A YAAA is 
identical to ATAAA, if AYAAA is a mixture of ATAAA and ACAAA. 

When comparison is made between polynucleotides, it is implicitiy understood 

20 that complementary strands are easily generated, and the sense or antisense strand is 

selected or predicted that maximizes the degree of identic between the polynucleotides 
being compared For example, where one or both of the polynucleotides being 
co]Diq>ared is doiible-stranded, the sequences are identical if one strand of the first 
polynucleotide is identical witii one strand oftiie second polynucleotide. Similariy, 

25 when a polynucleotide probe is described as identical to its target, it is imderstood that it 

is the con^)lementary strand of the target that participates in the hybridization reaction 
between the probe and the target 

A linear sequence of nucleotides is "essentially identical** or tiie "equivalent'' to 
another linear sequence, if botii sequences are capable of hybridizing to form duplexes 

30 witii the same complementary polynucleotide. It should be understood, although not 
always explicitiy stated that when Applicants refer to a specific nulceic acid molecule, 
its equivalents are also intended. Sequences that hybridize under conditi nis of greater 
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Stringency are more prefeired. It is understood timt hybridization reactions can 
acconunodate insertions, deletions, and substitutiotts in the nucleotide sequence. Thus, 
linear sequences of nucleotides can be essentially identical even if some of the 
nucleotide residues do not precisely correspond or align. Sequences that correspond or 
5 align more closely to the invention disclosed herein are comparably more ptefened. 

Generally, a polynucleotide region of about 25 residues is essentially identical to another 
region, if the sequences are at least about 80% identical; more preferably, they are at 
least about 90% identical; more preferably, they are at least about 95% identical; still 
more preferably, ^ sequences are 100% identical A polynucleotide region of 40 

1 0 reiddues or more will be essentially identical to another region, afler alignment of 

homologous portions if the sequences are at least about 75% identical; more preferably, 
they are at least about 80% identical; more preferably, they are at least about 85% 
identical; even more preferably, they are at least about 90% identical; still more 
preferably, the sequences are 100% identical. 

15 In determining whether polynucleotide sequences are essentially identical, a 

sequence that preserves the functionality of the polynucleotide with ^ch it is being 
compared is particularly preferred Functionality can be determined by different 
parameters. For exan^lCjifthe polynucleotide is to be used in reactions that involve 
hybridizing witii another polynucleotide, then preferred sequences are tbose which 

20 hybridize to the same ttiiget under similar conditicms. In general, the T„ of a DNA 
di^lex decreases by about 10 *C for evezy 1% decrease in sequence identity for 
diq)lexes of 200 or more residues; or by about 50 * C for duplexes of less tiian 40 
residues, depending on the position of the mismatched residues (see, e.g., Meinkoth et 
al.). Essentially identical or equivalent sequences of about 100 residues will generally 

25 form a stable duplex with each other's respective oon^lementaiy sequence at about 

20 ' Cless than Tn; preferably, they will form a stable duplex at about 1 5 * C less; more 
preferably, they will form a stable duplex at about 10 * C less; even more preferably, 
they will form a stable di^lex at about 5 * C less; still more preferably, they will form a 
stable duplex at about T^. In anotiier example, if the polypeptide encoded by the 

30 polynucleotide is an important pait of its functionality, tiicn preferred sequences are 
those which encode identical or essentially identical polypeptides. Thus, nucleotide 
differences viiich cause a conservative amino acid substitution are preferred over those 
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\vfaich cause a non-cozsservative substitution, nucleotide differences vMch do not alter 
fhe amino add sequence aie more piefened, ivfaile identical nucleotides are even more 
prelened. Insertions or deletions in the polynucleotide that result in insertions or 
deletions in the polypeptide are preferred over those that resuh in the down-stream 
5 coding region being rendered out of phase; polynucleotide sequences comprising no 

insertions or deletions are even more preferred. The relative importance of 
hybridization properties and the encoded polypeptide sequence of a polynucleotide 
depends on the application of the invention. 

A polynucleotide has the same characteristics or is the equivalent of another 
10 polynucleotide if both are arable of forming a stable duplex with a particular third 

polynucleotide under similar conditions of maximal stringency. Preferably, in addition 
to similar hybridization properties, the polynucleotides also encode essentially identical 
polypeptides. 

"Conserved" residues of a polynucleotide sequence are those residues which 
15 occur unaltered in the same position of two or more related sequences being compared. 

Residues tiiat are relatively conserved are those that are conserved amongst more related 
sequences tiian le^dues iQ)peaiing elsewhere in the sequences. 

"Related" polynucleotides are polynucleotides that share a significant proportion 
of identical residues. 

20 As used herein, a "degenerate" oligonucleotide sequence is a designed sequence 

derived from at least two related originating polynucleotide sequences as follows: the 
residues that are conserved in the originating sequences are preserved in the degenerate 
s^]uence, \^e residues that are not conserved in the originating sequences may be 
provided as several alternatives in the dpgenerate sequence. For example, the 

25 degcoetate sequence AYASA nmy be designed fiom originating sequences ATACA and 
ACAGA,wfaereYisCorTandSisCorG. Y and S are examples of "ambiguous" 
residues. A degenerate segment is a segment of a polynucleotide containing a 
degenerate sequence. 

It is understood that a synthetic oligonucleotide comprising a degenerate 

30 sequence is actually a nuxture of closely related oligonucleotides sharing an identical 
sequence, excqit at the ambiguous positions. Such an oligonucleotide is usually 
syntfaesiziedasamixtureofallpossibl combinations fnucleotidesatthe ambigu us 
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positions. Each of the oligonucleotides in the mixture is referred to as an "alternative 
form". 

A polynucleotide "fragment" or "insert" as used hernn generally rqiresents a 
sub-region of the fuU-length finm, but the endre M-length polynucleotide may also be 
5 mcluded. 

Different polynucleotides "correspond" to each other if one is ultimately derived 
from another. For example, messenger RNA corresponds to the gene from v^ch it is 
transcribed. cDN A corresponds to the RNA from which it has been produced, such as 
by a reverse transcription reaction, or by chemical synthesis of a DNA based vpon 
10 knowledge oftfae RNA sequence. cDNA also corresponds to ^ gene that encodes tiie 

RNA Polynucleotides also "correspond" to each other if they serve a similar functiori, 
such as encodmg a related polypeptide, in different species, strains or variants that are 
being compared. 

A "probe" when used in the context of polynucleotide manipulation refers to an 

15 oligonucleotide which is provided as a reagent to detect a target potentially present in a 

sample of interest by hybridizmg with the target Usually, a probe will conqirise a label 
or a means by wtich a label can be attadied, either before or subsequent to the 
hybridization reaction. Suitable labels include, but are not limited to radioisotopes, 
fiuorochromes, chemiluminescent compounds, dyes, and proteins, including enzymes. 

20 A "primer" is an oligonucleotide, generally with a free 3' -OH group, that binds 

to a target potentially present in a sample of interest by hybridizang with the target, and 
thereafter promotes polymerization of a polynucleotide complementary to die target 

Processes of producing replicate copies of the same polynucleotide, sudi as PGR 
or gene cloning, are collectively refened to herein as "amplification" or "replication". 

25 For example, single or double-stranded DNA may be replicated to form anotiier DNA 
with the same sequeiK:e. RNA may be replicated, for example, by an RNA^iirected 
RNA polymerase, or by reverse-transcribing the DNA and then performing a PGR. In 
the latter case, tiie an^lified copy of the RNA is a DNA widi the identical sequence. 
A "polymerase chain reaction" CTCR") is a reaction m ^cfa replicate copies 

30 are made of a target polynucleotide usmg one or more idmers, and a catalyst of 

polymerization, such as a reverse transcriptase or a DNA polymerase, and particularly a 
thermally stable polymerase em^me. Generally, a PGR involves reiteratively -forming 
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three steps: "annealing", in which tiie temperature is adjusted such that oligonucietide 
primers are permitted to form a diq)lex with the polynucleotide to be amplified; 
"elongating", in wfaidi the temperature is adjusted such that oligonucleotides that have 
formed a duplex are elongated with a DNA polymerase, usmg the polynucleotide to 
5 wiiich are formed the duplex as a ten^late; and "melting", in which the temperature is 

adjusted such that the polynucleotide and elongated oligonucleotides dissociate. Hie 
cycle is then repeated imtil the desired amount of amplified polynucleotide is obtained. 
Methods for PGR are taught in U.S. Patent Nos. 4,683,195 (Mullis) and 4,683,202 
(Mullisetal.). 

10 Elements within a gene include but are not limited to promoter regions, 

enhancer regions, repressor binding regions, transcription initiation sites, ribosome 
binding sites, translation initiation sites, protein encoding regions, introns and exons, 
and termination sites for transcription and translation. An *'antisense" copy of a 
particular polynucleotide refers to a complementary sequence that is capable of 
15 hydrogen bonding to the polynucleotide and can therefor, be capMo of modulating 

expression of the polynucleotide. These are DNA, RNA or analogs thereof, including 
analogs having altered backbones, as described above. The polynucleotide to vMch 
the antisense copy binds may be in singe-stranded form or in double-stranded form. 
An "antibody"* is an immunoglobulin molecule capable of binding an antigen. 
20 As used herein, the term encompasses not only intact immunoglobulin molecules, but 

also anti-idiotypic antibodies, mutants, fiagments, fiision proteins, humanized proteins 
and modifications of the immunoglobulin molecule that comprise an antigen 
recognition site of the required specificity. 

An '^antibody complex** is the combination of antibody (as defined above) and 
25 its binding partner or ligand. 

"Isolated" when referring to a nucleic acid molecule, means separated from 
other cellular components normally associated with native or wild-type DNA or RNA 
intracellularly. 

An "antisense" copy of a pardcular polynucleotide refers to a complementary 
30 sequence that is capable of hydrogen bonding to the polynucleotide and can therefor, 

be capable of modulating expression of the polynucleotide. These may be DNA, 
RNA or analogs thereof; including analogs having altered backbones, as described 
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above. The polynucleotide to ix^di the andsense copy biii^ 
stranded form or in double-stranded form. 

As used herein, the term "operatively linked" means that the DNA molecule is 
positioned relative to the necessary regulation sequences, e.g., a promoter or enhancer, 
5 such that a promoter will direct transcription of RN A ofif the DNA molecule in a 

stable or transient manner. 

"Vector" means a self-rq)licating nucleic acid molecule that transfers an 
inserted nucleic acid molecule into and/or between host cells. The term is intended to 
include vectors that function primarily for insertion of a nucleic acid molecule into a 
10 cell, replication vectors that function primarily for the replication of nucleic acid and 

expression vectors that ftmctlon for teanscnption and/or transladon of tiie DNA or 
RNA. Also mtended are vectors that provide more than one ofthe above functions. 

"Host cell" is intended to include any individual cell or cell culture vMch can 
be or have been recipients for vectors or the incorporation of nucleic acid molecules 
1 5 and/or proteins. It also is intended to include progeny of a single cell, and the progeny 

may not necessarily be completely identical (in morphology or in genomic or total 
DNA conq)lement) to the original parent cell due to natural, accidental, or deliberate 
mutatioiL 

A "suitable cell" for the purposes of this invention is one that includes but is 
20 not lunited to a cell expressing the Fas or TNFR-1 receptor, e.g., a bone marrow cell, 
endothelial cell, breast carcinoma cell, fibroblast cell, epithelial tumor cell (see 
Spriggs, D.R. et al, (1988) J. Clin. Inves. 81:455^) T ccU (TCR^ CDS* or CD4* T 
cells) peripheral blood lymphocyte, colon cell, small intestine cell, ovarian cell, testis 
cell, prostate cell, thymic cell, spleen cell, kidney cell, liver cell, lung cell, brain cell 
25 and monocytes. Because Fas (APO-1/CD95) cell suftoe **recqrtor" is a member of 

the nerve growth factor (NOFytumor necrosis factor (TNF) recqstor supafieonily, any 
cell having a receptor of this fionily is intended to be encompassed by the scope of 
this invention. Fas and TNF receptor expression also has been identified on numerous 
tissues, see for example Watanabe-Fukunaga et al. (1992) J Tmmiin 148:1049-1054 
30 and Owen-Schaub, L3. et al. (1994) Cancer Res, 54:1580-1586; Dhein et aL (1995) 

mm 373:438-441; Brunner et al. (1995) Hatus 373:441-444; and Ju et al. (1995) 
NatUtt 373:444-448. Assays for identifying additional "suitable" cells sensitive to 
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induction or activattoo, e.g.» TCR-, TNF- or Fas-ielated apoptosis, are well known to 
those of skill in the ait (Seg for example. Qpipairi, ct al. J. Biol, Chem. 
267:12424-12427; Yonchara ct al, J Kvp Med. (1989) 169:1747-1756; Dhcin ct al. 
(1995) stqjra; Bnmner ct al. (1995) supra and Ju ct al. (1995) supra). The cells can be 
mammalian cells or animal cells, such as guinea pig cells, tabbit cells, simian cells, 
mouse cells, rat cells, or human cells. They can be continuously cultured or isolated 
from an animal or human. In a separate embodiment of this invention, neurological 
cells are specifically excluded. 

When applied to apoptosis, the teims "preventing" or "inhibiting" aie intended 
to mean a reduction m number of cells dying or a prolongation in the survival time of 
thecelL Ihey also are intended to mean a diminution in the appearance or a delay in 
the appeazance of moiphological and/or biochemical changes nonnally associated 
with apoptosis. Accordingly, "augmentation" of apoptotic cell death means an 
increase in total number of cells dying or reduction of the survival time of the cell. 
**Augmentatioa" also means an reduction in the time to the appearance of the 
morphological and/or biochemical changes nomially associated with apoptosis after 
contacting the cells with the apoptotic agent 

It has been unexpectedly found that the N-termmal truncation of FADD not 
only abrogates CD95-induced apoptosis; it also abrogates TNFR-1 mediated 
q)optosis, ceramide generation and activation of the cell death protease Yama. 
Therefore, as is apparent to those of skill in the art, the utilities of the compositions set 
forth herein as they relate to the Fas receptor also ^ly to TNFR-1 mediated cellular 
functions, such as ceramide generation and activation of the cell death protease Yama. 
Moreover, the term **FAOD" pathway is intended to encompass the pathway mediated 
by tiie FADD, ^ch includes, but is not limited to, Fas, TNFR-1 , Yama and ceramide 
genention. A TADD-assodased" function is intended to include cellular functions 
mediated by the banding ofFADD to its intracellular receptors. This includes, but is 
not limited to, Fas» TNFR-1, CAPP3/CAPP4^ediated cellular functions. 

Thzoug^ut tlus application, various publications, patents and published patent 
plications are refe rre d to by an identifying citatioa The disclosures of these 
publications, patents and published patent applications are hereby incozporated by 
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leftraioe into this qipUcaticm to more fuUy descri^ 
invention peitains. 

Frpteing mi Pglypcptlilffii 

Tliis inveotion provides purified proteins designated "FADD" proteins and 
polypeptides characterized in having the biological or functional ability to modulate a 
cellular function associated with Fas receptor pathway such as Fas-associated 
apoptosis. Some of the proteins act to inhibit apoptotic cell death of a suitable cell. 
Other proteins of this invention act to augment apoptotic cell death. Apoptosis has 
been equated with programmed cell death (PCD) and can be detected and monitored 
by a number of moiphological and biochemical changes. The methods vMA are 
useful to monitor and detect these changes include light microscopy, a measurement 
between potential and actual tumor doubling times, loss of radiolabeled DNA 
precursors, measurement ofDNAfiagmcntation, and measurement by FCM. These 
methods are reviewed Veraies and Haanen, "Apoptosis and Programmed Cell Death 
in Health and Disease" Adv. in Clin. Chcm, (1994) 31:177-246. and the references 
cited tiierein. lig^ microscopy and tiie measurement of the potential tumor doubling 
time versus the actual tumor volume doubling time are most applicable in mammalian 
pathology. "Inhibition'* when used in this context, means a reduction in the number of 
cells undergoing c^ptosis or PCD or an increase in survival time or growth rate of a 
cell or population of treated cells as compared to a control population. 
^^Augmentation" means an increase in the number of cells undergoing apoptosis or 
PCD or a decrease in survival time or growth rate of a cell or population of treated 
cells as compared to a control population. A "treated cell" is a cell or a population of 
cells which have been exposed to the protein or antibody or have inserted therein by 
any number of methods a nucleic acid molecule of this invention. 

As used herein, a FADD protein is intended to include wild-type mammalian 
and human FADD protein, as well as muteins^ analogs, equivalents, and fiagments 
thereof. In some embodiments, the term also includes anti-FADD antibodies and anti* 
idiotypic antibodies. 

In one embodiment of ^s invention, overexpression of the DNA encoding a 
FADD protein induces ^ptosis. Examples of such proteins include, but are not 
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limited to full-length wild-type FADD, N-FADD and FADDmt FADDmt has the 
amino acid sequence shown in Figure 2A but for an asparagine rather than a valine at 
po^on 121. 

In a separate embodiment, die biological activity of the FADD protein or its 
5 equivalent is inbibitabie by Ottl^. One of skill in the art can determine when and if 

the biological activity of a protein is inhibitable by CrmA using the method disclosed 
in Tewari et al. (1995) IBiolChem. 270:3255-3260. 

A FADD protein can be a purified protein containing 208 amino acids and 
characterized as having an apparent molecular weight of about 22 to 24 kDa and more 

10 particularly about 23 J kDa, as determined by an SDS polyacrylamide gel (PAGE) 
under reducing conditions. In one embodiment, these proteins are farther 
characterized as having the ability to bind the intracellular domain of Fas or TNFR- 1 
and to induce apoptosis in a suitable cell. In one embodiment, the intracellular or 
cytoplasmic deomain of Fas is intended to encompass any Fas protein or polypeptide 

15 containing the death domain shown in Figure 2B. In a separate embodiment, a ptotein 

has the ammo acid sequence shown in Figure 2A and Sequence ID. No. 2. 

Also provided by this invention are polypeptide fragments of the manunalian 
protein, the human 23.3 kD protein or the proteins having the amino acid sequences 
shown in Figure 2A. These polypeptide ftagments and their equivalents can include 

20 any fragment containing the C-terminal half of FADD or a fi:agment as depicted in 

Figure 2A from about amino acid 41 to amino acid 208, or fix>m about amino acid 3 5 
to about amino acid 208 and their equivalents. Additional examples include 
po^^pqrtides comprising the "death domain" of FADD as shown by the underlined 
region of the amino add sequence of Figure 2A. These peptides and their equivalents 

25 are characterized as being able to bind the cytoplasmic domain of Fas receptor using 

the in vitro binding assay desoibed below. These polypeptides can include, but are 
not limited to tiie polypeptides designated NFD-2 (amino acids 42 to 208 of Figure 
2A) NFD-3 (amino acids 61 to 208 of Figure 2A) and NFD-4 (amino acids 80 to 208 
of Figure 2A). 

30 In a separate embodiment, the fiagments contain at least the N-termiiial half of 

the protein, Le., from about amino acid 1 to about amino acid 125 as shown in Figure 
2A. These pq>tides are characterized by having the ability to induce apoptotic cell 
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deadi in a cell ivitfaout necessarily binding the intracellular domain of the Fas recq>tor. 
This activity can be detennined using the in vitro binding Bssay described below. 
These polypeptides can include, but are not limited to the polypeptide designated N- 
FADD containing from about amino acid 1 to about amino acid 1 1 7 as depicted in the 
sequence provided in Figure 2A and its equivalents. 

It is understood that functional equivalents of the protein also shown in Figure 
2A, the 23 3 kD purified protein, or the polypeptide fragments thereof, e. g., as shown 
in Figure 2A and described in Table 1 , also are within the scope of this invention. 
One sudi equivalent includes the fragments described above ha\^ a v'^'-4N'^^ 
alteration. Others include fusion proteins such as those defined herein as clones 8 and 
15 or those containing chemical structures other than amino acids 'Alucb functionally 
mimic the binding of FADD to the cytoplasmic domain of the Fas receptor 
("analogs") or which retain the ability to induce ^ptosis with or without binding the 
cytc^Iasmic domain of the Fas recq;)tor. An additional example ofan analog is a 
protein or polypq)tide containing a distinct protein or polypqrtide joined to FADD 
fragments thereof, e.g., the GST fusion proteins described herein, the equivalents 
whicb vary the primary sequence of protein of this invoition from the sequences 
provided in Figure 2A. 

An agent characterized by having the ability to inhibit the binding of FADD to 
the cytoplasmic domain ofFas receptor is fiirtfaer provided by this invention. Such 
agents include, but are not limited to, an anti*FADD antibody, a dominant inhibitory 
fragment of FADD, for example a fragment containing at least the C-terminus of 
FADD, or a soluble intracellular Fas. "Soluble intracellular Fas'* is a polypqitide 
Gontaming the intracellular deafli domain portion of tiie Fas receptor ^cfa binds 
FADD. A "dominant inhibitory fragment" of FADD is intended to include but is not 
limited to a FADD mutein which irreversibly binds intracellular Fas. Alternative 
polypqjtides contaming similar death domains mclude polypeptides containing 
sequences shown in Figure 2B. 

The proteins and polypqptides of this invention are obtainable by a number of 
processes well known to those of skill in the art, vM^ include purification, chemical 
syntheas and xecombinaiit methods. Full length FADD protem can be purified from a 
Fas* ceU or tissue lysate using the process described bdow or by methods such as 
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ixnmunopiecipitation ^vith anti-FADD antibody, and standaxd techniques such as gel 
filtration, ion-exchange, reversed-phase, and afifinity chiomatography using a FADD 
fusion protein as shown herein. For such methodology, see for example Deutscher et 
al.. Cmide to Protein Purification! Methods in Enzvmolo^ (1990^ Vol. 182, 
5 Academic Press. Accordingly, this invention also provides the processes for 

obtaining the proteins and poiypq>tides of this invention as well as the products 
obtainable and obtained by these processes. 

The proteins and polypeptides also can be obtained by chemical synthesis 
using a commercially available automated peptide synthesizer such as those 

10 manufactured by Applied Biosystems, Inc., Model 430A or 43 1 A, Foster City, CA 
and the amino acid sequence provided in Figure 2A and Table 1 . The synthesized 
protein or polypeptide can be precipitated and further purified, for example by high 
performance liquid chromatography (HPLC). Accordingly, this invention also 
provides a process for chemically synthesizing the proteins of this invention by 

15 providing the sequence of the protein (e.g., Figure 2A) and reagents, such as amino 

adds and enzymes and linking together the amino acids in the proper orientation and 
linear sequence. 

Alternatively, the proteins and polypeptides can be obtained by well-known 
recombinant methods as described, for example, 'm Sambrook et al., Molec^lar 

20 Cloning! A Lahofatorv Mantifll 2d ed. (Cold Spring Hari)or Laboratory (1989)) using 
the host ceU and vector systems described and exemplified below. This invention 
further provides a process for producing a FADD protein, analog, mutein or fragment 
thereof, by growing a host cell containing a nucleic acid molecule encoding the 
mammalian protein, the nucleic acid being operatively linked to a promoter of RNA 

25 transcription. The host cell is grown under suitable conditions such that the nucleic 

acid is transcribed and translated into protein and purifying the protein so produced. 

Also provided by this application are the protdns described herein conjugated 
to a detectable agent for use in the diagnostic methods. For example, detectably 
labeled proteins and polypeptides containing the C-terminal portion of FADD can be 

3 0 bound to a colunm and used for the detection and purification of Fas and TNFR- 1 
receptors. They also are useful as immunogens for the production of anti-FADD 
antibodies as described below. The proteins and fragments of this invention are useful 
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man in vZ/^'o assay system to screen for agents or drags ^ch ither inhibit or 
augment the F ADD/Fas- or TNFR- 1 -recqnor pa&way and apoptosis and to test 
posdble therapies for disorders and biological processes associated with this pathway, 
e.g., Ips, immunosuppression, depletion of T cells, carcinogenesis and 
5 embryogenesis. 

When used to detect Fas or TNFR-1 or to screen for FADD-related qwptosis- 
tegulating agents, detectably labeled F ADD or fragments containing the C-terminal 
portion of FADD can be bound to an inert solid phase carrier, for example, glass, 
polystyrene, polyethylene, dextran, nylon, natural and modified celluloses, 

10 polyaciylamides, glutathione-agarose beads and agaroses. Those skilled in the art will 
know of other suitable carriers for this purpose. Accordingly, this invention also 
provides a composition containing a FADD protein and a method of detecting its 
receptor in a cell sample by first immobilizing a FADD protein or polypeptide having 
a binding domain onto a solid support such as glutathione-agarose beads at a suitable 

15 concentiatioiL The sample contaming or suspected of containing FADDs bmding 

domain (e.g. , Fas and TNFR- 1 ) is prepared and contacted with the beads undo* 
conditions favoring bmding between the receptor and FADD. Alternatively, FADD- 
CAP3/CAP4 functions can be deduced by screening for agents that inhibit or augment 
binding of FADD to its downstream partner(s). CAP3/CAP4 is added with agents 

20 that may inhibit or augment binding to FADD. This provides a screen for downstream 
conq)onents of the FADD pathway and the agents so identified Suitable conditions 
are for example, those set forth in the experimental section described below. The 
beads are then subjected to conditions to release the complex from the solid support 
and FADD-Fas complex can then be visualized by autoradiography. Theproteinsof 

25 this invention also can be combined with various liquid phase carriers, such as sterile 
or aqueous solutions, phaimaceutically acceptable carriers, suspensions and 
emulsions. Examples ofnon-aqueous solvents include propyl ethylene glycol, 
polyethylene glycol and vegetable oils. V/hen used to prepare antibodies, the carriers 
also can include an adjuvant which is useful to non-specifically augment a specific 

30 immune response. A skilled artisan can easily determine whether an adjuvant is 
required and select one. However, for the purpose of illustration only, suitable 
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adjuvants include^ but are not limited to Freund's Con^lete and Incon^lete, mineral 
salts and polynucleotides. 

This invention also provides a phannaceutical composition comprising any of 
a protein, analog, mutein, polypeptide firagment, antibody, antibody fragment or anti- 
5 idiotipic antibo<^ of this invention, alone or in combination with each other or other 

agents, and an accqitable carrier. These compositions are useftd for various 
diagnostic and theR9)eutic methods. 

Nnclclc Adda 

Nucleic acid molecules and isolated nucleic acid molecules which encode 

10 amino acid sequences coixesponding to a FADD protein, mutein. analog. FADD 
polypqitide, antibodies, anti-idiotypic antibody and antibody fragments, as well as 
complements of these sequences, are further provided by this invention. In addition to 
the sequences shown in Figure 2A, this invention also provides the anti*sense 
polynucleotide stand, e.g. antisense RNA. One can obtain an antisense RNA using 

15 the sequence provided in Figure 2A and the metfiodology described in Vander Krol et 

al. (1988) BioTcchniqucs 6:958. 

In one aspect of this invention, ttie nucldc acid molecule encoding FADD 
protein or polypeptide is defined to be any of the sequence or parts thereof shown in 
Figure 2A or which codes for tibe amino acid sequence also shown in Figure 2A. Also 

20 included witiiin the scope of this invention are the DNA or RNA complements of 

these nucleic acid molecules. 

^~ The invention also encon^Misses nucleic acid molecules ^ch diffo* from that 
of the nucldc acid molecules described above, but wfaidi produce the same 
phenotypic effect, such as the allele. These altered, but phenotyincally equivalent 

25 nucleic acid molecules are refened to "equivalent nucleic acids." This invention also 
encompasses nucleic acid molecules charactoized by changes in non-coding regions 
that do not alter the phenotype of the polypqstide produced therefrom when compared 
to the nucleic add molecule herein. This invention fimfaer encompasses nucldc acid 
molecules vMdk hybridize to the nucleic acid molecules of the subject invention 

30 under stringent conditions. Also widiin the scope ofthis invention are nucleic adds 
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having a sequence altered from that shown in Figure 2A but produce a protein having 
enhanced or diminished biological activity, e.g., FADDmt 

In one embodiment, specifically excluded are the nucleic acid molecules 
comprising the polynucleotides coding for rPas, hPas and hTNFR-1, the amino acids 
5 shown in Figure 2B. 

The niicleic acid molecules can be conjugated to a detectable marker, e.g., an 
enzymatic label or a radioisotope for detection of nucleic acid and/or expression of the 
gene encoding FADD in a cell. Briefly, this invention further provides a method for 
detecting a single-stranded nucleic acid molecule encoding an amino acid sequence 

10 which is at least a portion of FADD by contacting single-stranded nucleic acid 

molecules with a labeled, dngle-stranded nucleic acid molecule (a probe) ^ich is 
complemrataiy to a single-stranded nucleic acid molecule encoding an amino acid 
sequence which is at least a portion of FADD protein under conditions pemiitting 
hybridization (preferably stringent hybridization conditions) of complementary single- 

15 stranded nucleic acid moleoiles. Hybridized nucleic acid molecules are separated 

from single-stranded nucleic acid molecules. The hybridized molecules are detected 
using methods well known to those of skill in Ae art and set forth, for example, in 
Sambrook (1989) iofia. 

The nucleic acid molecules of this invention can be isolated using the 

20 technique described in the experimental section described below or replicated using 

PGR (Peridn-Elmer). For example, the sequence can be chemically replicated using 
PGR (Peikin-Elmer) ^ch in combination with the synthesis of oligonucleotides, 
allows easy reproduction of DNA sequences. The PGR technology is the subject 
matter of United States Patent Nos. 4,683,195, 4,800,159, 4,754,065, and 4,683,202 

25 and dftgerihed in PC!R: The PolvmerflM Thflin Reaction Mollis et al. eds. Biricfaauser 

Press, Boston (1994) and references cited therein. Alternatively, one of skiU in the art 
can use the sequences provided herein and a commercial DNA synthesizer to replicate 
the DNA. Accordingly, this invention also provides a process for obtaining the 
polynucleotides of this invention by providing the linear sequence of tiie 

30 polynucleotide, nucleotides, appropriate primer molecules, chemicals such as 

ena^mes and instructions for their replication and chemically replicating or linking the 
nucleotides in the proper orientation to obtain the polynucleotides. In a separate 
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embodiment, these polynucleotides are further isolated. Still fixither, one of skill in 
the ait can insert the nucleic acid into a suitable replication vector and insert the vector 
into a suitable host cdl (a human B cell or BJAB or 293 T ceD) for replication and 
amplification. The DNA so amplified can be isolated fiom^ cell by methods well 
5 known to ^se of skill in the art A process for obtaining nucleic acid molecules by 
this method is ftnther provided herein as well as the nucleic acid molecules so 
obtained. 

KNA can be obtained by using the isolated DNA and inserting it into a 
suitable cell. A suitable cell for this purpose includes but is not limited to a human B 
10 cell, BJAB or 293T cell. The DNA can be inserted by any appiopdatc method, e.g., 
by the use of an appropriate insertion vector or by electroporation. WhentheceH 
replicates and the DNA is transcribed into RN A; die RNA can then be isolated using 
methods well known to those of skill in the art, for example, as set forth in Sambrook 
etal.(1989)infia. 

1 5 Hie invention fiiztfaer provides the isolated nucleic acid molecule operatively 

linked to a promoter of RNA transcription, as well as ofhsi regulatoiy sequences for 
replicatioii and/or transient or stable expression of the DNA or RNA. As used herein, 
the term "operatively linked** means positioned in such a mamier that the promoter 
will direct transcription of RNA ofT the DNA molecule. Examples of such promoters 

20 are SP6, T4 and T7. In certain embodiments, cell-specific promoters are used for cell- 

specific expression of the inserted nucleic acid molecule. Vectors which contain a 
promoter or a promoter/enhancer, with termination codons and selectable marker 
sequerices, as well as a clonirig site into which an iiiserted piece of DNA can be 
operatively linked to that promoter are well known in the art and commercial ly 

25 available. For general methodology and cloning strategies, see Ger^et Eicp ression 

Technology, Goeddel ed., Academic Press, Inc. (1991) and references cited therein 
and VectoTS! Essential Data Series Gacesa and Ramji, eds., John Wiley & Sons, N. Y. 
(1994), vAdch contains maps, fimctional properties, commercial suppliers and a 
reference to GenEMBL accession numbers for various suitable vectors. Preferable, 

30 these vectors are ciqiable of transcribing RNA in vitro or in vivo. 
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Fragment of the sequences shown in Figure 2A also are encompassed by this 
invention, preferably at least 10 nucleotides and more preferably having at least 1 8 
nucleotides. 

In one embodiment, Aese fragments are nucleic acid molecules that encode 
S proteins consisting of from about nucleotide 133 to about nucleotide 754, as depicted 
in Figure 2A. The nucleic acid molecules encode peptides characterized as being able 
to bind the cytoplasmic domain of Fas or TNFR-1 receptor, using for example, the in 
vitro binding assay described below. Also within the class of nucleic acid molecules 
are the nucleic acids codii^ for the peptides designated AU1-NFD>2, AUl-NFD-3, 

10 andAUl-NFD-4. 

In a scpaxatc embodiment, these fragments are nucleic acid molecules that 
code for ammo acids containing at least the N-termmai half of the protein, i.e., from 
about nucleotide 133 to about nucleotide 501 as shown in Figure 2A. These nucleic 
acid molecules encode polypeptides characterized as capable of inducing apoptosis in 

15 a cell and lacking the ability to bind the intracellular domain of the Fas or TNFR- 1 

receptor as determined by the in vitro assays described below. One example of this 
class of nucleic acids is a nucleic acid molecule encoding the protem designated N- 
FADD. This and additional fragments of this invendon are useful to code for proteins 
having diagnostic and therapeutic utilities as described herein as well as probes to 

20 identify transcripts of the protein which may or may not be present These nucleic 

acid fragments can by prepared, for example, by restriction enzyme digestion of the 
nucleic acid molecule of Figure 2A and then labeled with a detectable marker such as 
a radioisotope usmg well known methods. Alternatively, random fragments can be 
generated using nick ixansladon of the molecule. For methodology for the preparation 

25 and labeling of such fragments, see Samhrook et al.. Molecular noning! A 

Laboratory Manual Cold Spring Harbor Press, Cold Spring Harbor, N. Y. (1 989). 
Nucleic acid fragments of at least 10 nucleotides are useful as hybridization probes or 
PCP primers. Isolated nucleic add fragments also axe usefiil to generate novel 
peptides. These pqytides, in turn, are useful as immunogens for the generation of 

30 polyclonal and monoclonal antibodies. 

As noted above, an isolated nucleic acid m lecule of tiiis invention can be 
operatively Unked to a promoter, either an inducable or non-inducable promoter, of 
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RNAtxansciipdon. lliesenucldc add molecdesaie useful for the lecombiiiant 
pioducdon of FADD and asd-FADD proteins and polypeptides or as vectors for use 
in gene therapy. Accordingly, this invention also provides a vector (insertion, 
replication or expression vector) having inserted therein an isolated nucleic acid 
5 molecule described above, for example, a viral vector, such as bacteriophage, . 

baculovirus and retrovirus, or cosmids, plasmids, YACS, yeast and other recombinant 
vectors. Nucleic acid molecules are inserted into vector genomes by methods well 
knownintheart For example, insert and vector DNA can both be exposed to a 
restriction enzyme to create complementary ends on both molecules that base pair 

1 0 with each other and which are th^ jomed together wth a ligase. Alternatively, 

synthetic nucleic acid linkers can be ligated to the insert DNA that correspond to a 
restriction site in tbc vector DNA, which is then digested with a restriction enzyme 
that recognizes a particular nucleotide sequence. Additionally, an oligonucleotide 
contaming a termination codon and an appropriate restriction site can be ligated for 

IS insertion into a vector containing, for example, some or all of the following: a 

selectable marker gene, such as neomycin gene for selection of stable or transient 
transfectants in mammalian cells; enhancer/promoter sequences from the immediate 
eariy gene of human cytomegalovirus (CMV) for high levels of transcription; 
transcription termination and RNA processing signals from SV40 for mRNA stability; 

20 SV40 polyoma origins of replication and ColEl for proper cpisomal replication; 
versatile multiple doning sites; and T7 and SP6 RNA promoters for in vitro 
transcription of sense and anti-sense RNA. 

An additioiud example of a vector construct of this inventicm is a bacterial 
expression vector induding a promoter such as tiie lac promoter and for transcription 

25 initiation, the Shine-Dalgamo sequence and the start codon AUG (Sambrook et al. 
(1989) supray Similariy, a eucaryotic e:q)ression vector is a heterologous or 
homologous promoter for RNA polymerase n, a downstream polyadenylation signal, 
the start codon AUG, and a termination codon for detachment of the ribosome. Such 
vectors can be obtained commerdally or assembled using the sequences described 

30 herem. 

Eaquession vectors containmg tiiese nucldc adds are useful to obtain host 
vector systems to produce FADD and anti-FADD proteins and polypeptides. It is 
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implied that these expression vectors must be replicable in the host organisms either 
as episomes or as an integral part of the chromosomal DNA. Suitable expression 
vectors include viral vectors, including adenoviruses, adeno-associated viruses, 
retrovinises, oosmids, etc. Adenoviral vectors are particularly useful for introducing 
5 genes into tissues in vivo because of Ifaeir high levels of expression and efficient 

transfoimation of cells both in vitro and in vivo. When a nucleic acid is inserted into a 
suitable host ceil, e.g., a procaiyotic or a eucaiyotic cell and the host cell replicates, 
the protein can be lecombinantly produced. Suitable host cells will depend on the 
vector and can include mammalian cells, animal cells, human ceils, simian cells, 

10 insect cells, yeast cells, and bacterial cells constructed using well known meth ods. 

See Sambiook et al. (1989) siq}ra. In addition to the use of vira! vector for iriserticn 
of exogenous nucleic acid into cells, the nucleic acid can be inserted into the host cell 
by methods well known in the art such as transfonnation for bacterial cells; 
transfection using calcium phosphate precipitation for mammalian cells; or DEAE- 

15 dextian; electroporation; or microinjection. See Sambrook et al. (1989) supra for this 

methodology. Huis, this invention also provides a host cell, e.g. a mammalian cell, an 
animal cell (rat or mouse), a human cell, or a bacterial cell, containing a nucleic acid 
molecule encoding FADD, anti-FADD protein or polypeptide or antibody. 

Using the host vector system described above, a process of producing and/or 

20 obtaining recombinant FADD, analog, mutein, or anti-FADD or active fragments 
thereof is provided by growing the host cells described herein under suitable 
conditions such that the nucleic add encoding the FADD or anti-FADD protein, 
polypqitide or antibody is esqnessed. Suitable conditions can be detenouneduang 
meOiods well known to those of skill in the art, see for example, Sambrook et al ., 

25 (1989) stq^a. Hie recombinant products are then purified fix>m the cellular extract 
Accordingly, ftis invention further provides host cells that contain the nucleic acid 
molecules of this invention as well as processes for recombinantly producing the 
proteins, polypeptides and antibodies of this invention by performing the above 
mentioned stq)s as well as die products so produced. 

30 A vector containing the nucleic acid encoding FADD, anti-FADD protein, 

FADD antisense RNA, nucleic acid molecule encoding FADD antisense RNA or 
antibody also is useful for gene therapy to modulate or regulate TNFR-l or Fas- 
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induced cellular funcdons such as apoptosis and immune disoideis mediated by these 
pathways. The tenns "Fas* or TNFR-1'^ cellular function" is intended to mean cellular 
functions ^^ch are afiected by the binding of the receptor to its extracellular ligands, 
i.e., alone or in combination with each other. In some instances, for example in a 

5 neoplastic or carcinoma cell, it is desirable to augment apoptotic function to induce 
s^ptosis. Hiis can be achieved by introducing into the cell FADD protein or FADD 
nucldc acid having this biological activity, e.g., FADDmt or AUl-N-FADD. 

In other instances, it is de»rable to down-regulate FADD cellular function. 
This can be accomplished by introducing into the cell an antibody raised against the 

10 N-terminus of FADD, anti-FADD antibody, FADD antisense RNA (or the DNA 
which codes for it) or CrmA protein or the nucleic acid molecules coding for these 
agents. In addition, anti-sense FADD RNA can be used to inhibit production of the 
FADD proteia This therapy will inhibit or disable intraceUular FADD mediated 
signaling and therefore is a useful therapy where apoptotic cell death is to be avoided, 

15 such as in an HIV-infected T cell. 

When used for gene ther^y in vfvo or ex vivo, a phannaceutically acceptable 
vector is prefened, such as a replication-incompetent retroviral vector. 
Phannaceutically acceptable vectors containing the nucleic acids of this invention can 
be further modified for transient or stable expression of the inserted nucleic acid 

20 molecule. As used herein, the term "pharmaceutically acceptable vector" includes, 

but is not limited to, a vector or delivery vehicle having the ability to selectively target 
and introduce the nucleic acid into dividing cells. An example of such a vector is a 
"leplication-incompetent" vector defined by its inability to produce viral proteins, 
precluding spread ofthe vector m the infected host cell. AnexampleofarepUcation- 

25 incompetent retroviral vector is LNL6 (Miller, A.D. et al. (1989) BiftTechnigues 
7:980-990). The methodology of using replication-incompetent retroviruses for 
retrovual-mediated gene transfer of gene markers is well established (C!oirell» et al. 
(1989) PNASTJSA 86:8912; Boidignon (1989), PNASIJSA 86:8912-52; Culver, K. 
(1991), PNAS USA 88:3155; and Rill, DJL (1991) Blflfld 79(10):2694.700. Clinical 

30 investigations have shown that there are few or no adverse effects associated with the 
viral vectors, see Anderson, (1992) SsiSD&fi 256:808-13. 
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Compositioxis comaimng the nucldc acid molecules of this invention, in 
isolated fom or contained within a vector or host cell axe further provided herein. 
When tiiese compositions ate to be used phannaoeutically, they are combined with a 
phannaceudcally acceptable canier. 

5 Anlihflditt 

Also provided by this invention is an antibody capable of specifically forming 
a complex with FADD protein, fragments of FADD such as the N-tezminal portion of 
FADD (and-N-FADD antibody) anti-F ADD antibody or the C-terminal portion of 
FADD (anti-C-FADD antibody) or a fragment of these antibodies, as well as nucldc 

1 0 acid molecules encoding them. Vectors and host cells containing these nucleic acids 
also are encompassed by this invention. The term "antibody" includes polyclonal 
antibodies and monoclonal antibodies. The antibodies include, but are not limited to 
mouse, rat, rabbit or human antibodies. 

As used herein, an "antibody" or "polyclonal antibody" means a protein that is 

1 5 produced in response to immunization with an antigen or receptor and that reacts with 
the antigen witii an effective spedficily and afi5ni1y for its mtended purpose. The 
term "monoclonal antibody" means an iixununoglobulin derived from a single clone 
of ceUs. All monocloiud antibodies derived from the clone are chemically and 
structurally identical, and specific for a single antigenic determinant. The hybridoma 

20 cell lines producing the monoclonal antibodies also are within the scope of this 
invention. 

Laboratory methods for producing polyclonal antibodies and monoclonal 
antibodies, as well as deducing their corresponding nucleic acid sequences, are known 
in the art see Harlow and I^e. Antibodies: A Laboratory Manual. Cold Spring 

25 Harbor Laboratory, New York (1988) and Sambrook et al. (1989) supra. The 

monoclonal antibodies of this invention can be biologically produced by introducing 
FADD protein or a fragment thereof into an animal, e.g., a mouse or a rabbit The 
antibody producing cells in the animal are isolated and fiised with myeloma cells or 
heteromyeloma cells to produce hybrid cells or bybridomas. Accordingly, the 

30 hybridoma cells producing the monoclonal antibodies of this invention also are 
provided. 
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Thus, using the FADD protdn or firagment thereof, and weU known methods, 
one of skill in &e art can produce and screen the hybridoma cells and antibodies of 
this invention for antibodies having the alnlity to bind FADD. 

If a monoclonal antibody being tested binds with FADD protein, then the 
5 antibody being tested and the antibodies provided by the hybridomas of this invention 

are equivalent It also is possible to determine without undue experimentation, 
whedier an antibody has the same specificity as the monoclonal antibody of this 
invention by determining whether the antibody being tested prevents a monoclonal 
andbody of this invention from binding FADD with which the monoclonal antibody is 

10 normally reactive. Iftheantibody being tested competes with the monoclonal 
antibody of the invention as shown by a decrease in binding by the mcncclon^ 
antibody of this invention, then it is likely that the two antibodies bind to the same or 
a closely related epitope. Alternatively, one can pre-incubate the monoclonal 
antibody of this invention with FADD protein with ^ch it is normally reactive, and 

1 5 determine if the monoclonal antibody being tested is inhibited in its ability to bind the 
antigen. If the monoclonal antibody being tested is inhibited dien, in all likelihood, it 
has the same, or a closely related, epitopic specificity as the monoclonal antibody of 
this invention. 

The term ''antibody" also is intended to include antibodies of all isotypes. 

20 Particular isotypes of a monoclonal antibody can be prepared either directly by 

selecting fiom the initial fission, or prepared secondarily, from a parental hybridoma 
secreting a monoclonal antibody of different isotype by using the sib selection 
technique to isolate class switch variants using the procedure described in Steple wski 
et al. (1985) Pmc. Katl. Acad. Sci. 82:8653 or Spira et al. (1984) J- Tfnmimnl. 

25 Methods 74:307. 

This invention also provides biological active fragments of the polyclonal and 
monoclonal antibodies described above. These "antibo<fy fi^agments** retain some 
ability to selectively bind with its antigen or LmmunogciL Such antibody fragments 
can include, but are not limited to: 

30 (1) Fab, the fragment ^^ch contains a monovalent antigen-binding 

fragment of an antibody molecule produced by digestion with the enzyme papain to 
yield an intact light chain and a portion of one heavy chain; 



(2) Fab', the fragment of an antibody molecule obtained by treating 
vdth pepsin, followed by leduction, to yield an intact light dmin and a portion fthe 
heavy chain; two Fab* fragments are obtained per antibody molecule; 

(3) F(ab')2> the fragment of the antibody that is obtained by treating 
5 with the enzyme pepsin without subsequent reduction; F(ab')2 is a dimer of two Fab* 

fragments held together by two disulfide bonds; 

(4) Fv, defined as a genetically engineered fragment containing the 
variable region of the light chain and the variable region of the heavy chain expressed 
as two chains; and 

10 (5) SCA, defined as a genetically engineered molecule containing 

the variable region of the light chain, the variable i«gioA of the heavy chain, linked *oy 
a suitable polypeptide linker as a genetically fused single chain molecule. 

A specific examples of **biologicaliy active antibody fragment** include the 
CDR regions of the antibodies. Methods of making these fragments are known in the 

15 art, see for example, Harlow and Lane, (1988) stq^ra. 

The antibodies of this invention also can be modified to create chimeric 
antibodies and humanized antibodies (Oi, et al. (1 986) BioTechnigues 4(3):2 14). 
Chimeric antibodies are those in yddch the various domains of the antibodies' heavy 
and light chains are coded for by DNA from more than one species. 

20 The isolation of other hybridomas secretmg monoclonal antibodies with the 

specificity of the monoclonal antibodies of the invention can also be accomplished by 
one of ordinary skill in &e art by producing anti«idiotypic antibodies (Herlyn, et al. 
(1986) Sdcocc 222:100). An anti-idiotypic antibody is an antibody which recognizes 
unique determinants present on the monoclonal antibody produced by the hybridoma 

25 of interest These determinants are located in the hypervariable region of the 

antibody. It is this region which binds to a given epitope and, thus, it is responsible 
for the spedfidty of the antibody. The anti-idiotypic antibody can be prepared by 
immunizing an animal with the monoclonal antibody of interest. The animal 
immunized will recognize and respond to the idiotypic determinants of the 

30 immunizing antibody by producing an antibody to these idiotypic determinants. By 
using the anti-idiotypic antibodies of the second animal, which arc specific for the 
monoclonal antibodies produced by a single hybridoma vMch was used to immunize 
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thesecondanimalyit is now possible to identify Other clones typesas 
the antibody of the hyhridoma used for immunization. 

Idiotypic identity between monoclonal antibodies of two hybridomas 
demonstrates that the two monoclonal antibodies are the same with respect to their 
5 recognition of the same epitopic determinant Thus, by using antibodies to ^e 
epitopic deteiminants on a monoclonal antibody it is possible to identify other 
hybridomas expressing monoclonal antibodies of the same epitopic specificity. 

It is also possible to use the anti-idiotype technology to produce monoclonal 
antibodies which mimic an qiitope. For example, an anti-idiotypic monoclonal 
10 antibody made to a first monoclonal antibody will have a binding domain in the 
hypervariable region vMch is the mirror image of the epitope bound by the first 
monoclonal antibody. Thus, in this instance, the anti-idiotypic monoclonal antibody 
could be used for immunization for production of these antibodies. 

As used in this invention, the term "epitope" is meant to include any 
1 5 determinant having specific a£Snity for tiie monoclonal antibodies of the invention. 
Epitopic determinants usually consist of chemically active surface groupings of 
molecules such as amino acids or sugar side chains and usually have specific three 
dimensional structural characteristics, as well as specific charge characteristics. 
Also encompassed by this invention are proteins or polypeptides that have 
20 been recombinandy produced, biochemically synthesized, chemically synthesized or 

chemically modified^ that retain the abiUty to bind FADD, the intiacelldar binding 
domain of the Fas receptor, or a Augment thereof as the corresponding native 
polyclonal or monoclonal antibody. 

The antibodies of this invention can be linked to a detectable agent or a 
25 hapten. The complex is useful to detect the Fas receptor or FADD protein or 

fiagments in a sample or detect agents which interfere with FADD-Fas receptor 
binding, using standard immunochemical techniques such as immunohistochemistry 
as described by Harlow and Lane (1988) sig^a. Examples of tyrpes of immunoassays 
which can utilize monoclonal antibodies of the invention are competitive and non- 
30 competitive immunoassays in either a direct or an indirect format Examples of such 
immunoassays are the enzyme linked immunoassay (ELISA) radioimmimoassay 
(RIA) and the sandwich (immunometric) assay. Detection of using the mcmoclonal 
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antibodies of the invention can be done utilizing immunoassays which are nm in 
either the forward, reverse, or simultaneous modes, including immunohistochemical 
assays on physiological samples. Those of skill in the art will know, or can readily 
discern, other immunoassay formats without imdue experimentation. 
5 Another technique which may also result in greater sensitivity consists of 

coupling the antibodies to low molecular weight haptens. These haptens can then be 
specifically detected by means of a second reaction. For example, it is common to use 
such haptens as biotin, which reacts avidin, or dinitropherryl, pyridoxal, and 
fluorescein, which can react with specific anti-hapten antibodies. See Harlow and 

10 Lane (1988) xi^pra. 

The monoclonal antibodies of the invention can be bound tc many different 
carriers. Thus, this invention also provides compositions containing the antibodies 
and another substance, active or inert Examples of well-known carriers include glass, 
polystyrene, polypropylene, polyethylene, dextran, nylon, amylases, natural and 

15 modified ceUuIoses, polyacrylamides, agaroses and magnetite. The nature of the 

carrier can be either soluble or insoluble for purposes of the invention. Those skilled 
in the art will know of other suitable carriers for bindmg monoclonal antibodies, or 
will be able to ascertain such, using routine experimentation. 

There are many different labels and methods of labeling known to those of 

20 ordinary skill in the ait Examples of the types of labels which can be used in the 

present invention include enzymes, radioisotopes, fluorescent compounds, colloidal 
metals, chemiluminescent compounds, and bioluminescent con^)ounds. Those of 
ordinary skill in the ait will know of other suitable labels for binding to the 
monoclonal antibody, or will be able to ascertain such, using routine experimentatiort 

25 Fuithermore, the binding of these labels to the monoclonal antibody of the invention 

can be done using standard techniques common to those of ordinary skill in the ait 

For purposes of the invention, FADD may be detected by the monoclonal 
antibodies of the invention when present in biological fluids and tissues. Any sample 
of cells or tissue lysate containing a detectable amount of FADD can be used. 

30 Compositions contauiing die antibodies, fiagments thereof or cell Imes >^ch 

I^uce die antibodies, are encompassed by this invention. When these compositions 
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ore to be used pharmaceutically, they are combined with a phannaceutically 
acceptable earner. 

rompoxitiong 

This inventioii also provides compositions containing any of the above- 
5 mentioned proteins, mutcins, polypeptides, nucleic acid molecules, vectors, host cells 

antibodies and fragments thereof, and an acceptable solid or liquid carrier. When the 
compositions are used phannaceutically, they are combined vdth a "phannaceutically 
acceptable carrier** for diagnostic and theFa|)eutic use. These compositions also can be 
used for the preparation of medicaments for the diagnosis and treatment of 
10 pathologies associated with FADD pathways, e.g.. Fas and TNFR-I receptor 

pathways. 

Inda<itrial Applicahilitv 

The conq)ositions described above provide the components for an assay to 
screen for agents and pharmaceutical compounds which are agonists or antagonists of 

15 the FADD pathway in suitable cells and which can modulate a cellular function 

regulated by this receptor pathway such as apoptotic cell death. In one embodiment, 
these cells constitutively and inducibly express receptors for either or both of the 
cytokine tumor necrosis &ctor(TNF) or the cell death transducing receptor Fas or 
TCR and iKduch have been activated by dieir respective iigand. Recendy, tiiree 

20 separate groups have reported tiiat Fas-induced qxyptosis is involved in T cell death. 

Specifically, one group has shown that the Fas receptor, which can transduce a potent 
apoptotic signal when ligated, is rapidly expressed following activation on T cell 
hybridomas. It was suggested that the Fas receptor-ligand interaction induces cell 
death in a cell-autonomous manner. See Dhein et al. (1995) tlatus 373:438-441; 

25 Bnmner et al. (1995) liatUfi 373:441-444; and Ju et al. (1995) Ijfl&m 373:444-448. 

For the purpose of illustration only, examples of suitable cells are T 
lymphocytes (T cells) (e.g., TCR*, CD4* and CD8* T cells) leukocytes and mbced 
leukocyte cultures (MLC), B lymphoma cells (e.g., A202J (ATCC)), peripheral blood 
lyxi4)hocytes, colon cells, small intestine cells, ovarian cells, testis cells, prostate cells, 

30 thymic cells, spleen cells, kidney cells, liver cells, neoplastic cells, cardnorna cells. 
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lung cells or brain cells, each from a mammalian species, e.g., mouse, rat, simian 
guinea pig, or human. 

As provided in more detail below, the proteins and fiagments thereof are 
useful in a cell-fiee and cellular in vitro assay system to screen for agents and 
S pharmaceutical compounds which either inhibit or augment the FADD pathway and 

apoptosis and to test possible therapies for disorders associated with this pathway, 
e.g., Ips, immunosuppression, depletion of CIM'^ T cells, carcinogenesis and 
embiyogenesis. 

To perform the cell free screen, an effective amount of the cytoplasmic domain 
10 of a receptor known to initiate this pathway, e.g. Fas or TNFR-1. is first bound to a 
solid support (for example, glass, polystyrene, polyethylene^ dextran* nylon, iiatural 
and modified celluloses, polyacrylamides, glutathione-agarose beads and agaroses in a 
suitable concentration. Those skilled in the art will know of other suitable carriers for 
this purpose. A diagnostically efifcctive amount of detectably labeled agent to be 
1 5 tested is contacted under suitable conditions which &vor binding of the cytoplasmic 

domain of the receptor to FADD. An effective amount of FADD polypeptide 
containing at least the cytoplasmic binding domain of the receptor is now contacted to 
the solid support under conditions favoring binding of the cytoplasmic domain 
receptor to FADD. Procedures fOT the detecting of complex are then peifoimed, for 
20 example, was a complex formed between the receptor and FADD to form a reccptor- 

FADD complex or did the agent bind to the recq>tor or FADD? If an agent binds 
tightly to FADD, it is a candidate for preventing or inhibiting FADD induced cellular 
re^)onses such as qx>ptosis so that FADD cannot interact with its downstream 
component 

25 Alternatively, the method can be peifoimed by: a) providing an effective 

amount of the cytoplasmic domain of the recqxtor bound to a solid support; b) 
contacting an effective amount of FADD polypeptide containing at least the C- 
tenninal portion of protein to the solid support of step a) under conditions fiEivoring 
bmding of the cytoplasmic domain receptor to FADD; c) contacting an effective 

30 amount of detectably labeled agent to be screened with the receptor bound sappoii of 
step b) under conditions favoring bmding of the cytoplasmic domain to the receptor to 
FADD ; d) detecting the presence of any coxiq>lex f rmed either between the receptor 
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and FADD to fonn a recq)tor-FADD complex or between the agent and receptor. If 
an agent binds tightly to FADD, it is a candidate for preventing or inhibiting FADD 
induced celluhff responses such as apoptosis, by binding to FADD so diat F^ 
not interact with its downstream component 

5 A iimher alternative method is provided In this method, an effective amount 

of a FADD fragment containing at least the N-terminal portion of FADD (N-FADD) 
is bound to a solid support An effective amount of the agent to be tested is contacted 
wi^ the siqipoxt under conditions favoring binding of the N-terminal portion of 
FADD to its Ugand (e.g., anti-N-FADD antibody). Either the agent or N-FADD can 

10 be detectably labeled. The presence of complex, if any is then detected. If an agent 
binds to N-FADD it is a candidate for preventing or inhibiting FADD induced cellular 
responses such as apoptosis by binding to the N-tenninal portion of FADD so that 
FADD can not interact with its downstream component in the FADD pathway. 

Also enconqussed by this invention are the agents detected by these methods, 

IS the nucleic add molecules encoding them and the use of these agents and nucleic acid 
molecules in the therapeudc methods described herdn. Asisiqipazenttothoseofskill 
m the art, the above compositions can be combined with instructions for use to 
provide a kit for a commercially available screen. 

The above methods allow one also to screen for drugs having similar or 

20 fp ^fit|fi#^ ability to prevent or inhibit apoptosis as compared to FADDmt or CrmA^ for 

exanq>le. 

In the cellular in vitro mediod, suitable cell cultures or tissue cultures are 
provided. A suitable ceU culture for this purpose is one having either a cell sur&oe 
receptor that mediates apoptosis such as a TCR, the TNF receptor or the Fas receptor. 

25 The cells are cultured under conditions (temperature, growdi or culture medium and 

gas (CO2)) and for an i^jpiopriate amount of time to attain eaqxmential proliferation 
without density dependent constraints. The cells are dienesqwsed to preliminaiy 
conditions necessary for qxsptosis, for example an effective amount of an inducing 
agent, e.g., a TCR ligand, HIV, SIV, TNF, or a Fas ligand such as an anti-Fas 

30 antibody is added to the culture. Anti-Fas and anti-TNFR-1 antibodies and mitogens 

(ConA) are well known to those of skill in the art. Qtoh, N. et al. (1991) Cfill 66:233- 
243 and Yondaia et al. (1989) J Evp Med. (1989) 169:1747-1756). Th&e cells are 
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now "induced" to qxjptosis. Alternatively, the cells can be contacted with the 
inducing agent afkrtxansfection with the FADD nucleic acid and agent The cells are 
again cultured under suitable tenq)erature and time conditions. An effective amount 
of an agent which induces apoptosis in this system is added to tiie cell culture. For 
example, an effective amount of a nucleic acid molecule encodmg F ADDmt or N- 
FADDt or wild-type FADD is contacted with the cell or tissue culture so as to insert 
the nucleic acid. In one embodiment, an effective amount is an amount so that 
overexpression of tiie inserted nucleic acid molecule can occur. Alternatively, an 
effective amount of die polypeptide or protem products are added to the cell culture. 
The cells are agam cultured for expression of the inserted nucleic acid molecule. An 
effective amount of &e agent to be tested is then added to the cell or tissue culture in 
varying concentrations. 

Because the activity of FADDmt and FADD is inhibitable by CrmA, a separate 
culture of cells wfaidi can act as a comparison is cultured under identical conditions as 
described above, excqyt tiiat CrmA nucleic acid is added to tiie culture ratiier tiian the 
agent The CrmA nucleic acid or protein is added the culture in an effective amount 
and the cells are cuhured under suitable temperature and time conditions to inhibit 
apoptosis. The CrmA nucleic acid or protein can be added prior to, simultaneously 
with, or aiter, the inducing agent 

It also is desirable to maintain an additional separate cell cultures; one which 
does not receive an inducfng agent to determine background release and another 
vdiich does not recdve the agent to be tested 

^. Each of the samples of cells is then assayed for apoptotic activity using 
metiiods well known to those of skill m the art and described herein. 

An example of the above method comprises providing a T cell hybridoma cell 
line such as Jurkat tiiat can be stably transfected with the FADD nucleic acid and 
CnrU nucleic acid. Qonal cell lines of each are derived. Transfection of the Jurkat 
cell by electroporation can be perfoimed as described in Dixit et al . J. B i ol . Chem . 
(1993)263:5032-5039. Chn^-oqiressing and agent contact control cells are 
labeled and plated (5x10^ /ml) on untreated or anti-CD3 (available fiom tiie cell line 
145-2C1 1 (ATCC)) treated tissue culture plastic plates. Cells cultured on uncoated 
cells are used to detemiine background release. The percentage cell death w^U be 
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patient or an animal such as a mouse, a guinea pig, a simian, a rabbit or a rat 
Alternatively, it can be directly infused into the cell by microinjection. 

When the animal is an experimental animal such as a simian (using SIV), this 
method provides a powerful assay to screen for new drugs ^ may be used alone or 

5 in combination wilh this invention to ameliorate or reduce the symptoms and 

opportunistic infections associated with HIV infection or AIDS. When the animal is 
an experimental animal such as a mouse, this method provides a powerful assay to 
screen for new drugs that may be used alone or in combination with this invention to 
ameliorate or reduce the symptoms and infections associated with Fas-related 

1 0 disfunction such as CD4'^ T cell depletion or hypeiproliferative disorders such as 
cancer. 

Because this invention provides compositions and methods to increase 
survival time and/or survival rate of a cell or population of cells which, absent the use 
of the method, would nomially be expected to die, also provided by this invention are 

IS methods to prevent or treat diseases or pathological conditions associated the FADD- 
receptor pathway such as with unwanted Bpoptadc cell death in a subject 

For example, the compositions provided herein are useful to modulate the 
FADD receptor pathway and cellular functions associated with this pathway by 
preventing or inhibiting FADD regulated cellular functions such as apoptosis or 

20 growth and differentiation of cells. As noted above, the term "FADD mediated or 

modulated cellular fimction" is to include any cellular response or function which has 
been linked to the binding of FADD to its cellular targets such as Fas, TNFR-1 or 
C>^^P3/CAPP4. Apoptotic cell death is one such re^Kmse. 

Methods of modulating FADD cellular functions such as apoptaAc cell death 

25 are provided herein. These methods comprise the steps of administering to the 

subject, such as an animal or human, an effective amount of a FADD nucleic acid, 
antibody or protein. When the cellular function is augmentation of apoptotic cell 
death, an effective amount of a nucleic acid molecule coding for F ADDmt or wild- 
type FADD or their protein products can be adniinistered to the subject In one 

30 embodiment, an effective amount is an amount wUch allows for overexpression of the 
inserted nucleic acid molecule.^When the cellular function is inhibition or prevention 
of apoptotic cell death, an effective amount of a nucleic acid molecule coding for N- 
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FADD or and-N^F ADD antibody or tbeir protein products are administered to the 
subject Alternatively, an effective anu>unt of DNA encoding FADD antisenseRNA 
or the RNA is administered to the subject j 

When practiced in vivo, the compositions and methods are patticuiarly useful 
S for modulating or regulating FADD functions in a subj ect or an individual suffering 

from or predisposed to suffer from receptor-related disfunction or for maintaining T 
cell viability and function in a subject or an individual suffering from or predisposed 
to suffer from abnormal lymphocyte death, e.g. CD4+ T cell depletion associated vdtfa 
HIVinfecdon. When the method is practiced in vfvo in a human patient, it is 

10 unnecessary to provide the inducing agent since it is provided by the patient's immune 
system. When the method is practiced in vivo, the carryi:^ vector, polypeptide, 
polypeptide equivalent, or expression vector can be added to a pharmaceutically 
acceptable carrier and systemically administered to the subject, such as a human 
patient or an animal such as a mouse, a guinea pig, a simian, a rabbit or a rat. 

15 Alternatively, it can be directly infused into the cell by microiryection or localized 

administration into a tumor. A fusion protein also can be constructed comprising the 
T-cell specific ligand for targeting to a T cell Such T cell specific Ugands include, 
but are not limited to anti-CD3, anti-CD4, anti*CD28 and anti^IL-1 antibody protein. 
Hiis invention also is particularly useful to wrd off lynq)hocyte death or 

20 immunosuppression in AIDS patients. By preventing or inhibiting apoptosis, not only 

is cell deadi prevented but functionality, e.g., immuno-proliferative capacity, is 
restored to the cell and a responsive immune system is retained or regained. 
Accordingly, the compositions and mediods of this invention are suitably combined 
mth compositions and methods v^cfa prevent or inhibit HTV infecti vity and 

25 replicatioiL 

Tlie method also can be practiced ex vivo using a modification of the method 
descnbed in Lum et al. (1993) Bone Mamw Tran^lantation 12:565-571 or a 
modification of the method described in U.S. Patent No. 5,399346. Generally, a 
sample of cells such as bone manow cells or MLC can be removed from a subj ect or 

30 animal using methods well known to those of skill in the art An effective amount of 
FADD or anti-FADD nucleic add is added to the ceUs and tiie cells are cultured under 
conditions that £ivor inteinalization of itut nucleic add by the cells. The transformed 
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ceils are then returned or reintroduced to the same subject or animal (autologous) or 
one of the same species (allogeneic) in an effective amount and in combination with 
appropriate phannaceudcal compositions and carriers. 

Alternatively, fresh per^heral blood mononuclear cells (MNCS) isolated from 
the mammal or patient are sqiaiated from the red cells and neutrophils by Ficoll- 
Hypaque density gradient centriiugation. The MNCs are then washed, counted and 
cultured at approximately 1 X 10^ cells/well in a 24 well tissue culture pktes in AIM- 
V which consists of AIM-V (GIBCO) with 2mM glutamine, 50 U/mi penicillin, 50 
Tg/ml streptomycin, 2.5 Tg/ml Fungizone and 25-l,000U/ml of IL-2 (Cetus). The 
cells are cultured at 37'*C in a humidified incubator with 5%C0. 

After the T cells have begun to proliferate, an appropriate insertion vector 
containing a FADD nucleic acid molecule is contacted with the cells to insert FADD 
nucleic acid into the proliferating cells. Multiple transfection of the cells may be 
necessary. The cells are maintained for an additional 2 to 7 days with fresh medium 
and under conditions to return the cells to e3q)onentialgrowtL ^4)proximately 0.1 to 
2.5 X lO'^ T cells (or 80% of the total culture) are infused into tibe nMwiftml or patient 
and the remaming cells can be cyropresenred for future infusions. A sample of the 
cells also can be removed for Southern analysis of insertion of the FADD nucleic acid 
molecule and its e3q}ression using northern analysis. 

As used herein, the teim "administoing" for in vivo and er vfva purposes 
means providing the subject with an effecdve amount of the nucleic add molecule or 
polypeptide effective to modulate the FADD cellular function, e.g., to prevent, inhibit 
or Pigment apoptosis of the target cell. Methods of administering pharmaceutical 
compositions are well known to diose of skill in the art and include, but are not 
limited to, microinjection, intravenous or parenteral administration. Tlie compositions 
are intended for topical, oral, or local administration as well as intravenously, 
subcutaneously, or intramuscularly. Administration can be effected continuously or 
intermittently throughout Recourse of treatment Methods ofdetermining the most 
effective means and dosage fadministration are weU known to those ofskill in the 
art and will vary with the vector used for therapy, the polypq)tide or protein used for 
therapy, the purpose of the then^y, the target cell being treated, and the subject being 
treated. Single or multiple administrations can be carried out with the dose 4evel and 
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pattern being selected by the treating physician. F r example, the compositions can 
be administered prior to a subject already suffering from a disease or condition that is 
linked to apoptosis. In this dtuation, an effective "therapeutic amunt" of the 
composition is administered to prevent or at least paxtially arrest apoptosis and the 
5 accompanying palfaology such as immunosuppression in HIV infected individuals. 

However, the compositions can be administered to subjects or individuals 
susceptible to or at risk of developing apoptosis-related disease to prevent 
pathological cell death. In one embodiment, the composition can be administered to a 
subject susceptible to HIV-related lymphocyte disfunction to maintain lymphocyte 

10 cell function and viability. In these embodiments, a "prophylactically effective 

amount" of the composition is administered to maintaiTi cellular viability and function 
at a level near to the pre-infection level. 

It should be understood that by preventing or inhibiting unwanted ceil death in 
a subject or individual, the compositions and methods of this invention also provide 

1 S methods for treating, preventing or ameliorating the symptoms associated with a 

disease characterized by sqxyptosis of cells. Such diseases include but are not limited 
to AIDS, acute and chronic inflammatory disease, leukemia, myocardial in&rction, 
stroke, traumatic brain injury, neural and muscular degenerative diseases, aging, 
tumor induced-cachexia and hair loss. 

20 This invention also provides vector and protein compositions useful for the 

preparation of medicaments whidi can be used for preventing or inhibiting apoptosis, 
maintaining cellular function and \dability in a suitable cell or for the treatment of a 
disease characterized by the tmwanted death of target cells. 

It also is intended that the compositions and methods of this invention be 

25 combined with other suitable compositions and therapies such as the use of CrmA and 

antidiotypic TCR antibodies. 

It is to be understood that while the invention has been described in 
conjunction with the above embodiments, that the foregoing description and the 
following examples are intended to illustrate and not limit the scope of the invention. 

30 Other aspects, advantages and modifications within the scope of the invention will be 
apparent to those skilled in the art to which the invention pertains. 
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Experiment I 

Isolation of FADD 

The following yeast two-hybrid system was used and constructed as follows. 
The cytoplasmic domains of Fas, Fas-FD8, TNRF-1, AlNFR-1, CD40, and CD28 
were obtained by PGR and cloned in-fiame» as confinned by sequencing, into the 
GAL4 DNA binding domain (GAL4bd) vector pASlCYH2. FuU-length A20 and 
B94 were similarly cloned into the bait vector. GAL4bd-Fas was cotransformed with 
a prey plasmid containing a human B -cell cDN A expression libnoy fused to the 
GAL4 activation domain (GAL4ad) in the pACT plasmid. A more detailed account 
of the plasmids used in the procedure for the yeast two-hybrid system can be found in 
Hu et al. (1994) J. BioK Chem. 269:30069-30072. 

The yeast two-lQrbrid system was used to for proteins that interact with 
the cytoplasmic domain of Fas. An expression vector was constructed by fusing the 
GAM DNA-binding domain to the cytoplasmic tail of the human Fas antigen 
(GAL4bd-Fas). This bait plasmid was cotransformed in yeast with a prey plasmid 
containing a human B-cell cDNA e3q>ression library fused to the GAL4-activation 
domain. Seventeen positive clones were obtained from 2x10^ transformants 
screened. To detemiine the specificity of interaction, plasmids containing the 
activation domain fusion protdns were recovered from the putative positive clones 
and cotransformed with GAL4bd-Fas and control heterologous baits. Two clones (8 
and IS) were found to interact witii the GAM DNA-binding domain fiision protem 
containing the cytoplasmic domain of wild-type Fas and not the functionally inactive 
deletion mutant, Fas-FD8 (Itoh et al. (1993) stqyra) or the indicated heterologous baits 
(Figure I). 

Isolation of the sequence 

Double-stranded plasmid ten^late was sequenced on both strands by the 
dideoxy chain termination method using modified T7 DNA polymerase (Sequenase, 
U.S. Biochemical Corp.). Maniial sequencing was confinned by subsequent 
automated sequencing. Network BLAST seances were conducted using the NCBI- 
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nline sendee. Sequences wete compared using the MogAlign (DNASTAR) 
software. 

A random-primed cDNA library was constructed in the pcDNAl vector 
(Invitrogen) from TNF/cycloheximide treated human umbilical vein endothelial cell 
5 poly(A)* RNA. 5 X lO' colonies were screened with a random*labeIed Xhol 

restriction fragment of the yeast prey plasmid encoding 0AL4ad-FADD (clone 1 5} 
using standard techniques (Sambrook et al. (19S9) stgjra). 

As noted in Experiment I, clones 8 and 1 5 isolated by the yeast two-hybrid 
screen were found to contain overlapping sequence fused to the GAM activation 

10 domain in the same reading frame. To obtain a full-length coding sequence, a human 

umbilical vein endothelial cell (HUVEC) library was screened with a cDNA insert 
obtained from clone 15. Two independent clones yielded a 1.6 kb cDNA containing 
an open reading frame that begins with an initiator methionine conforming to Kozak's 
consensus (Kozak, M. (1989) J. Cell. Biol . 108:229-241) and that ends 625 

15 nucleotides later at an Opal codon. Given the presence of an in-frame stop codon 130 

base pairs upstream of the initiator methionine and the size of the transcript (-^1 .6 kb; 
Figure 3), Figure 2A represents the full-length coding sequence. This gene encodes a 
novel protein of 208 amino acids with a predicted molecular weight of 23.3 kDa, 
designated FADD. 

20 A BLAST search revealed that residues 1 1 1-170 of FADD matched residues 

233-292 of rat Fas antigen (rFas, p=0.0012) and shared 27% identity (51% of the 
amino acids were conserved). This region in the cytoplasmic domain of rFas 
coiTesponds to the death domain, a region of homology shared by both Fas and 
TNFR-1 that signals cell death (Tartaglia et al. (1993) Supra, and Itoh et al. (1993) 

25 supra.) 

Dependent upon the alignment and boundaries selected, the death domains of 
FADD, Fas, and TT^-l share 25-30% identity (Figure 2B). When conservative 
amino acid substitutions are induded, the homologies approach 50%. These numbers 
are consistent with those previously reported for the death domain homology between 
30 TNFR-1 and Fas (Tartaglia et al. (1993) stqjra; Itoh et al. (1993) stqjra). 

Interestingly, V"* of FADD is aligned and conserved with V^* of Fas, viiich when 
altered to an asparagine, abolishes the cell killing activity of Fas and in mice, is 
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responsible for the lymphoprolifcralion {Lpr) phcnotype (Watanabc-Fukunaga et al. 
(1992) stqfra^ A conesponding inactivating mutation also exists in TNFR-1, 
l3si^j^35i gartaglia ct aL (1993) stq^a.) 

5 Nortiieni Blot analysis of tissues 

Adult and fetal human multiple tissue Northern blots (CLONTECH) were 
hybridized, according to the manu&cturer's instructions uising radiolabeled cDNA 
insert obtained fiom an Xhol digestion of the yeast prey plasmid encoding GAL4ad- 
FADD (clone 15). 

1 0 Northern blot anafysis revealed that FADD is constitutively expressed in a 

wide array of fetal and adnh human tissues (Figures 3 A and 3B). The mRNA 
transcript is approximately 1 .6 kb, consistent with the size of the cDN A clones 
isolated from the HUVEC library. 

15 In Vivo Association of FADD and Fas 

FADD was cloned into pcDNA3 (Invitrogen) in \^ch an HA-epitope tag 
(YPYDVPDYA-SEQ ID N0:7) had previously beai placed downstream of the 
cytomegalovirus promotei/enhancer (pcDNA3 HA*FADD). In addition, an AUl- 
epitope (DTYRYI-SEQ ID N0:8) tagged FADD was made with PGR primers 

20 encoding the qiitopc and using the FADD cDNA as template (pcDNA3 AUl-FADD). 

FLAG (DYKDDDDK-SEQ ID N0:9)-tagged constructs of Fas and mutants were also 
madeinpcDNA3usingM*lengdiFasasaten9late. Hie 5' FLAG PGR primer was 
engineered to encode a FLAG qiitope 5 ammo acids downstream of the putative 
signal sequence site ofFas and is as follows: AAGCCTGGTAGG ATGCTTGCGG 

25 ATC TGO ACC CTC CTA CCT CTG GTT GTT ACG TGT GIT GCT AO A TTA 

TGG TCC AAA GAG TAG AAG GAG GAG GAT GAG AAG AGT GTT AAT GGG 
GAA GTG (SEQ ID NO:10). The amplified products were then cloned into the 
IQ)nI/XhoI site of pcDNA3. pcDNA3 AUl-FADDmt and pcDNA3 FLAG-Fas-LPR 
were made by site-directed mutagenesis using a two-stq> PGR protocol as described 

30 inHiguchi.R.ctal. (1988)liucIciJLAcidiBcs. 16:7351-7367. Hie V"^->N'^* and 
V^*-4N^* mutations, respectively, were confirmed by sequence analysis. 
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GST Ftuion Protein Expression and In Vitro Binding Assay 

The cytoplasmic domaizis of Fas, Fas-FD5, Fas-FD8, and TNFR-1 were 
amplified by PGR using iqjpropriate templates and primers and cloned in-frame into 
pOSTag uang the mediod disclosed m Ron» D. et al. (1992) Biotgchniqucs 13:S66- 

5 869. Fas-LPftM^ made by site-dixected mutagenesis using a two-step P^ 

(Higuchi ct al. (1988) n(pra) and cloned into pGSTag. The v"'->N^' mutation was 
confiroied by sequence analysis. The pGSTag constructs were then transformed into 
the E, coli strain BL21(DE3)pLysS (Studier (1991) J. MoL Biol. 219:37-44). GST 
and GST fusions were prepared using published procedures (Studier, (1991) si^ra) 

10 and the recombinant proteins immobilized onto glutathione-agarose beads as 
described in Hajper, J.W. et al. (1993) Cell 75:805-816. 

Labeled FADD was prq)ared by in vitro transcription/translation using TNT 
T7 coij^led reticulocyte lysate system from Promega according to the m an u facturer's 
instructions, using pcDNA3 HA-FADD as template. 

15 Following translation, equal amounts of total ^^S-labeled reticulocyte lysate 

were diluted into 150 yl GST binding buffo- (50 mM Tris, pH 7.6. 120 mM NaCl, 1% 
Brij) and mcubated for 2 hrs. at 4*'C with the various GST fusion proteins complexed 
to beads, following i^ch the beads were pelleted by pulse centrifugation, washed 3 
times in GST buffer, boiled in SDS-sample buffer and resolved on a 10% SDS- 

20 aciylamide gel. Bound proteins were visualized following autoradiography at -80°C. 

Lysates of FADD or FADDmt-transfected 293T cells were processed as above 
excqn that the GST binding buffer also had 109^ glycerol and a protease inhibitor 
cocktail For some eaq)eriments, the complexed GST beads were dissodated by 
boiling in PBS + \% SDS, diluted tenfold in PBS containing \% deoxycholate and 

25 subsequently subjected to immunoprecipitation analysis. 

Transfection, Metabolic Labeling and Immtuopredpitation Ana^3rsis 

These techniques were peifoimed as described in 0*Rouike, KAL et al. ( 1 992) 
1 Biol. Chem. 267*.24921-24924. For re-immunoprecipitation analysis, the initial 
30 unmune complex was dissociated by boiling in PBS + 1% SDS, diluted tenfold in 
PBS containing 1% deoxycholate and subjected to a second round of 
immunoprecipitation analysis. 
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To confinn the interaction observed in yeast, radiolabeled in vitro translated 
FADD was precipitated with various GST fusion proteins inunobilized on 
glutathione-Sephaiose beads (Figure 4A, B). As predicted, FADD specifically 
associated with OST-Fas but not GST, GST-Fas-FD8, or OST-Fas-LPR, v^iich 
5 contains the cytoplasmic domain of the functionally inactive point mutant of Fas (Itoh 

et al, (1993) stq}ray A very weak interaction was observed between FADD and 
TNFR-1. Interestingly, relative to its association with GST-Fas, FADD strongly 
interacted with GST-Fas-FDS, which is a IS amino acid C-temiinal deletion mutant of 
Fas possessing enhanced killing activity (Itoh et al. (1993) supra). Similar results 
were obtained v/bsa detergent lysates of 293T cells e3q)ressing FADD were 
precipitated with the various GST fusion proteins (Figure 4C). 

Functional Assay and Immunocytochemistry 

Stable CrmA and vector transfectants (B JAB) were described previously 
(Tewari et al. (1995) supra). For transient transfections, 5 x 10^ cells were 
electroporated at 220V, 960 ^F in 0.4 cm cuvettes ^io-Rad) using 20 |ig of pCMV 
P-galactosidase db 30 ^g of pcDNA3 AU-FADD. After 12 hours, cells were 
cytocentrifuged, fixed with 1% paraformaldehyde, permeabilized with 0.1% 
Trigon/PBS, blocked with horse serum, and incubated with rabbit anti-p-galactosidase 
(1 :200 dilution, Cappel) for 1 hour. The cells were subsequently washed widi PBS, 
incubated with biotinylated anti-rabbit antibody (1 :200 dilution. Vector Laboratories) 
for 20 min., washed with PBS, and incubated with Avidin-FITC (1 :100 dilution, 
Vec|or Laboratories) for 20 min. The nuclei were stained with a 10 fig/ml solution of 
propidium iodide (Sigma) for 10 minutes. Cells were visualized by fluorescence 
microscopy using a FTTC range barrier filter cube. For gFq)hical data, at least 100 
P-galactosidase positive cells were counted for each transfection (n»3) and designated 
as apoptaidc or non-apoptotic. Inununostaining for AUl-FADD was done as above 
excqit that cells were fixed in 100% metiunol at •20^C for 10 miiL, the primary 
antibody was against the AUl epitope (1 :50 dilution, Babco) and the secondary 
antibody was a FTTC conjugated anti-mouse Ab (Sigma). 
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Coimmunopreciphatioii of FADD and Fas 

To demonstrate the interaction of FADD and Fas in vivo, 293T cells were 
transiently transfected with HA-epitope tagged FADD (HA-FADD) and FLAG- 
epitope tagged Fas (FLAG-Fas) and mutants (Figuzes 5A tiuougji 5C). Bqiression of 
^ FL AO-tagged constructs was shown by immunoprecipitation with an anti-FLAG 
(a-FLAG) antibody (Figure 5B). Likewise, immunoprecipitation with anti-HA 
(a-HA) antibody showed expression of HA-FADD, and as expected, FLAG-Fas and 
FLAG-Fas-FD5 individually coprecipitated, while the functionally inactive mutants, 
FLAG-Fas*FD8 and FLAG-Fas-LPR did not (Figure 5C). The a-HA 
immunoprecipitates were dissociated and subjected to a second round of 
immunoprecipitation with a-FLAG antibody. Consistent with results of the primary 
immunoprecipitation (with a-HA), a double immunoprecipitation with a-HA followed 
by a-FLAG, confirmed the presence of FLAG-Fas and FLAG-Fas-FD5 in the original 
unmune complexes (Figure 5D). 

The Death Domain of FADD Interacts Witii The Deadi Domain of Fas 

Previous studies have reported that the death domains of TNFR-1 and Fas self- 
associate. The two clones (8 and 1 5) isolated in the two-hybrid screen described 
20 above (using the cytoplasmic domain of Fas as bait) did not contain various portions 

of the N-tenninus of wild-type FADD. Tbe shortest of the two, clone 8, is misang the 
N-terminal 40 amino acids, suggesting that the C-tenninal half of FADD, vAndi 
contuns the death domain, is interacting widi the cytoplasmic tail of Fas. More 
specifically, cur results show that FADD interacts with death domain of Fas, since it 
25 Ms to associate with Fas-LPR and Fas-FD8, a point mutant and deletion mutant, 

respectively, of the Fas death domain. 

Thus, it is reasonable to propose that the death domain of FADD is interacting 
with its homologous counteipart in Fas. To test this hypothesis, a point mutant of 
FADD (FADDmt) was engineered in ^diV^^' is altered to an a^iaragine. This 
30 mutation conesponds to the inactivating Lpr mutation (V^^-^N^*) of Fas and the 

l35J-^j^35i m^jjation of TNFR-1 . 293T cclk were transiently transfected with 
expression constructs containing AUl-epitope tagged FADD (AUl-FADD) and AUl- 
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FADDmt Detergent lysates were prq)aiedaiuisubsequeiiUypre^ 
GST-Fas and GST-Fas-LFR inunobilized on glutathione-Sepharose beads (Figure 6). 
As predicted, AUl-FADD bound GST-Fas and not GST or GST-Fas-LPR, wbilc in 
contrast, AUl-FADDmt failed to bind any of the GST fusions. Taken together, these 
5 results show that a death domain to death domain interaction is responsible for the 

association of FADD and Fas. 

Overexpression of FADD Initiates Apoptosb Which Is Suppressed by CrmA. 
To study the functional role of FADD the B-cell lymphoma cell line, BJAB 

10 waschosen. This is an ideal ceU system to study proteins involved in Fas signal 

transduction because BJAB oeUs are exquisitely sensitive to anti-Fas antibody 
induced cell death in the absence of protein synthesis inhibitors (Tewari et al. (1995) 
supra). Two well characterized clonal cell lines of BJAB were used in this study: 
one expresses CrmA, vMch has been shown to potently block Fas-mediated cell 

15 death, while the other is a corresponding vector control cell line (Tewari et al. (1995) 

supra). To help identify transiently transfected cells, the plasmid was co-transfected 
with an expression construct encoding P-galactosidase(pCMVP-gal). As expected, 
over 90% of the cells that expressed p-galactosidase also expressed the protein of 
interest as confirmed by immunostaining. 

20 Cr/TL^-expressing and vector control BJAB cell lines were transfected with the 

pCMV p-gal reporter in the presence or absence of an equimolar amoimt of an 
expression construct encoding AUi<pitope tagged 60FADD (pcDNA3 AUl-FADD). 
As ^ected, expression of P-galactosidase alone in both the CrmA and vector clones 
did not induce i^ptotic cell death as assessed by propidium iodide staining of nuclei 

25 of P-galactosidase positive cells (Figure 7A, upper panels). In contrast, however, the 

vector control cell line co-transfected with pCMV ^gal and pcDNA3 AUl-FADD 
exhibited prominent apoptotic morphology including chromadn condensation and 
cellular shrinkage (Figure 7A, lower left panel). More importantly, FADD-mduced 
apoptosis, like Fas^induced qioptosis, was mhibited in the CnfL4-expressuig Une 

30 (Figure 7A, lower right panel). A graphical rqjresentationofthis data is shown in 
Figure 7B. In the vector control lines, over 90% of the transfected cells expressing 
FADD were apoptotic while less than 10% exhibited similar morphology in the 
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concsponding CrmA^xpiessmg lines. As a control, expression of AUl-TRAFl and 
HA-CD40bp revealed less than 10% i^optotic moxphology in either the CrmA or 
vector cell lines. Immunostaining for AUl-FADD with an anti-AUl antibody is 
shown in Figure 7C 

A second cell line, MGF7 cells, a breast carcinoma cell line v/bich expresses 
Fas and is sensitive to Fas-induced killing in the presence of the protein synthesis 
inhibitor cycloheximide (Tewari et al. (1995) stipra). Two stably transfected and 
previously characterized clonal cell lines of MCF7 were used in our study: one 
expresses CrmA, a viral seipin inhibitor which has been shown to potently block Fas- 
mediated cell death (Tewari et al. (1995) siq}ra) and a corresponding control cell line 
expressing an inactive CrmA mutant The respective MCF7 cell lines were transiently 
transfected with a FADD expression vector in the presence of an equimolar amount of 
the pCMV ^gal reporter and examined by phase contrast microscopy 24 hours later. 
The MCF7/mutant CrmA cell lines expressing FADD (P-galactosidase positive blue 
cells) displayed moiphologic alterations typical of adherent cells imdergoing 
qyoptosis, becoming rounded, condensed, and detaching fiom the dish (Figure 8 A, left 
panel). The nuclei of the rounded MCF7 cells exhibited apoptotic morphology 
indistix^shable fiom MCF7 cells treated with anti^Fas antibody in the presence of 
cycloheximide as assessed by propidium iodide staining. In contrast, MCF7/Cnft4 
cells transfected with FADD were significantly protected fiom cell death and the 
accompanying morphologic alterations of apoptosis (Figure 8A, right panel). A 
quantitative repr ese nta tion of this data is shown in Table 1 . 

... FADD-inducedapoptoas is not peculiar to MCT7 cells, since a similar 
phenotype was observed in the B-cell lymphoma ceU line, B JAB, vMch are 
exquisitely sensitive to anti-Fas antibody-induced ^ptosis (Tewari et al. (1995) 
siqira). 

Delineation of the Death Effector Domain of FADD 

Deletion mutants of FADD were constructed in order to determine the re^on 
responsible for initiating the cell death program (Figure 8B). As described above, 
M CF7 cells expresdng CrmA and mutant CrmA were transiently transfected with the 
various FADD mutant expression vectors. Interestingly, overexpression of FADDmt, 
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a point mutant which fails to bind Fas, still induced cell death which was CrmA- 
inhibitable and, in £act» was slightly more potent than wild-type FADD (81% vs. 72% 
apoptotic cells). A FADD mutant (N-F ADD) containing only 1 1 7 N-tenninal amino 
acids was able to trigger cell death (Table 1, Figure 8B). Since a large portion of the 
5 death domain is absent from N-FADD, it is not surprisiag ^ it, like FADDmt, &ils 

to associate widi tiie cytoplasmic domain of Fas. N-tetminal deletions of FADD 
(NFD-2, NFD-3, NFD-4) attenuated its ability to induce cell death (Table 1, Figure 
8B). This analysis suggests that, whereas the Fas-interacting domain is in the C- 
terminal half of FADD» the death effector domain lies in its N-terminal portion. 

10 Using the yeast two-hybrid screen, FADD was identified as a novel pp^tein 

that associates specifically with (he cytoplasmic domain of Fas (Figure 1). A BLAST 
search using the amino acid sequence of FADD revealed a stretdi of 80 amino acids 
that were significantly homologous to the death domain of Fas (Figure 2B). When the 
region of FADD was masked, the remaining sequences did not match any proteins in 

15 the database. Interestingly, BLAST searches using the death domains of FADD, Fas 

and TNFR-1 revealed a significant homology to the fimily of ankyrins (pO.OOl for 
all three death domains). More specifically, the respective death domains aligned 
with approximately 80 amino acids of the negative regulatory domain of ankyrin. A 
previous study reported that this region of ankyrin is homologous to the cytoplasmic 

20 domain of TNFR-1 (Peters et al. (1 993) Semin. in Hematol. 30:85-1 1 8), corroborating 

this observation. Why ankyiin contains a "death domain" remains unclear, but 
presumably tUs region is acting as a protein interaction domain. 

In vitro and in vivo studies show diat FADD specifically associates with the 
death domain of Fas, confirming the results of the yeast interaction assay. FADD 

25 failed to interact with Fas-LPR and Fas-FD8, a non-signaling point mutant and 

deletion mutant, respectively, of the Fas death domain. Interestingly, upon deletion of 
the negative regulatory domain of Fas, an enhanced interaction with FADD was 
observed. Hence, a correlation exists between the cell-killing activity of the various 
Fas mutants and their association with FADD (Figure 5A). A weak association 

30 between FADD and TNFR-1 was observed in vitro (Figure 4). In addition, p- 

galactosidase filter assays of yeast cotransformed with GAL4bd-Fas and GAL4ad- 
FADD turned blue within 1 hr, while those cotransformed with GAL^bd-Tl'Q^-l and 
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GAL4ad-FADD turned blue overnight (the other cotransfbrmed heterologous baits 
remained unchanged). If the weak interaction between FADD and TNFR-1 observed 
in yeast and in vitro proves to be significant, this would correlate with the relative 
potencies of Fas-dependent cell death and TNF-dependent cytotoxicity (Clement, 
M-V. et al. (1994) J, Exp. Med. 180:557-x 567). 

Having shown that FADD specifically binds the death domain of Fas, the next 
step was to identify the corresponding interaction domain in Fas. Previous studies 
have shown that death domains have a propensity to self-associate (Boldin et al. 
(1995) J. BiQl. Chem . 270:387-390. It was thus reasonable to propose that the death 
domain of FADD was interacting with its homologous counteipart in Fas. As 
predicted, a point mutation in the death domain of FADD abrogated its association 
with Fas (figure 6). These results support a model in which a death domain to death 
domain interaction is responsible for the binding of FADD to Fas. 

Once the in vitro and in vivo association of FADD and Fas was established, 
the next step was to determine a functional role for this novel Fas binding protein. 
BJAB cells transiently transfected with AUl-FADD undergo i^ptosis within 12 
hours, a time frame similar to Fas-induced killing (Figures 7 A and 7B). Previous 
studies showed that CrmA is a potent inhibitor of Fas-induced cell death CTewari et al. 
(1995) stqfra). Likewise, CrmA suppressed FADD-induced cell death (Figures 7A 
and 7B). These functional studies, together with the biochemical data, suggests that 
FADD is likely a component of the Fas-signal transduction machinery. BJAB cells 
treated with a-Fas antibody undergo qxiptosis within hours , a time firame similar to 
FApD-mduced killing. Likewise, Cm^^xpressing BJAB cells are resistant to both 
Fas- and FADD-induced killing. To ensure that the induction of cell deaA by FADD 
was not a peculiarity of one cell type, the effects of FADD on another Fas-sensitive 
cell line, MCF7 was also examined. As was seen in BJAB cells, overexpression of 
FADD in MCF7 cells induced apoptosis which was Crm^-inhibitable and 
in^stinguishable fiom Fas-induced killing. 

Ddedonal analyds of FADD localized the death effector domain of FADD to 
its N-temunal portion (Figure 8B). In fact, the N-tenninal amino acids (1-1 17) are 
sufficient to cause death and deletions of the N-terminus attenuate the cell killing 
ability of FADD. In addition, the data refutes the possibility that FADD causes cell 
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death by simply aggregating the Fas antigen intracellularly, since both N-FADD and 
FADDmt trigger apoptosis without binding Fas. 
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Table 1 

The Effects of Overexprcssing FADD and FADD Mutants 
inMCF7andBJABceIb 



CeU Lines 





MCF7/CrmA 
Mutant 


MCF7/CrmA BJAB^ector 


BJAB/CrmA 


P-gal alone 


12.9 ±3.8 


7.7 ±4.0 


6.0 ±4.3 


7.4 ±4.3 


AUl-FADD 


72.1 ± 1.2 


15.6 ±4.8 


91 .6 ±2.0 


6.2 ±3.6 


AUl-FADDmt 


812 ±2.9 


13.8 ±8.4 


ND 


ND 


AUl-N-FADD 


69.9 ±1.7 


10.4 ±6.1 


ND 


ND 


AU1-NFD2 


24.0 ±8.8 


10.9 ±8.0 


ND 


ND 


AU1.NFD2/6 


13.6 ±1.4 


12.1 ±7.5 


ND 


ND 


AU1-NFD3 


29.6 ±4.2 


13.0 ±8.8 


ND 


ND 


AU1-NFD4 


21.2 ±1.7 


11.2 ±6.2 


ND 


ND 


AUl-TRAFl 


ND 


ND 


5.5 ±0.9 


6.8 ±2.6 


AUl-CmObp 


ND 


ND 


10.8 ±1.2 


9.7 ±1.4 



Two previously characterized MCF7 and BJAB cell lines expressing CnnA and 
cither a conesponding vector control line (Tewaii ct al., (1 995) J. Biol. Chem. 
stqfraX or mutant CrmA line were transiently transfected with pCMV-p- 
galactosidase in the presence or absence of an approximately equimolar quantity 
of pcDNA3 (Invitrogen) expression constructs encoding AUl-FADD, FADD 
mutants (as designated in Figure 7B), AUl-TRAFl (Rothe ct al., 1994) or HA- 
CD40bp (Hu et al„ 1994). Twenty-four hours after transection, MCF7 cells were 
fixed with 0.5% glutaraldehyde and stained with X-Oal for 4 hrs. Thedata(mean 
± SEM) shown are the percentage of round blue cells among total number of blue 
cells counted. Round cells were confirmed to be apoptotic by propidimn iodide 
staining of nuclei. Twelve hours after transfection, BJAB cells were 
cytocentrifiiged, methanol fixed, and stained for P-galactosidase and with 
propidiiun iodide. The data shown are the percentage of apoptotic cells among 
the total number of p-galactosidase positive cells counted. Tlie data were 
coUectedfiomatleast3indq)endente>q)erinients. ND, not determined. 
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Experiment n 

This experiment conducted to show that FADD transduction is 
accomplished via association a class of novel and diverse signaling molecules. 

5 Antibodies and Reagents 

The anti-CD95 monoclonal antibodies used in this study include anti-Fas IgM 
(l^pstate Biotechnology Incoiporated), anti-APO-1 GgCr3, Trauth, B.C. et al. (1989) 
Sfiieocfi 245:301-305)), and PE-conjugated anti-Fas (MBL Incorporated). Anti-AUl 
murine ascites was obtained from Babco» Inc. Anti-PARP antibody was clone 

10 C-2-10, which is described in Lamairc, D. ct al. (1988) Biochem. Biophys. Acta. 

950:147-160; it recognizes an epitope near the N-tenninus of PARP located between 
amino acids 216 and 375. Antibodies were raised against recombinant GST-FADD 
fusion protein as described in Tewari et al. (1995) £dl 81:801--809. Rabbit anti- 
pq>tide antibodies (Lampire) were raised against NNKNFHKSTOMTSRSGTD of the 

15 1 7 kDa subunit of Yama STAPGYYSWRNSKDGS of the 12 kDa subunit Yama is 

an intracellular protein that is known m the art and described in Tewari et al. (1 995) 
CfilL supra, C2«ceramide (D-erythro) and C2-dihydroceramide (D-erythro) were 
purchased from Matreya, Inc. and dissolved in ethanol. 

20 Cell Lines and Culture 

The B lymphoma cell line B JAB and the breast carcinoma ceU line MCF7 
were grown in RPMI 1640 complete medium (10% heat-inactivated fetal bovine 
seniin (Hyclone), L-glutamine, penicillin/streptomycin, and non-essential amino 
acids). MCF7-Fas cells, as described above, were grown in RPMI 1640 complete 

25 media supplemented with 0.5 mg/ml G41 8 (Gibco BRL). BJAB and MCF7 stable 
cell lines were grown m complete media supplemented with 3 mg/ml and 0.5 mg/ml 
G418, respectively. 

Stable and Transient Transfections 

30 To generate the pooled stable cell lines, BJAB-FADD-DN and MCF7- 

FADD-DN, cells were transfected with pcDNA3-F ADD-DN as described a^ve. 
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From the pooled populations, individual clones were obtained and plated in duplicate 
on 48-well Costar plates. One set of cells was treated with anti-Fas IgM (100 ng/ml) 
and clones resistant to Fas-induced cell death were identified. The untreated, resistant 
clones were &en pooled to obtain BJAB-sFADD-DN (yMdb represents a pool of 7 
5 resistant clones) and MCF7-sF ADD-DN (which represents a pool of 9 resistant 

clones). All stable lines generated were assessed for expression of FADD-DN by 
immunoblotting. MCF7 cells were transiently transfected with lipofectamine as 
desoibed above. 

CeU Culture, CeU Death and ViabiliQr Assays 

To assess nuclear morphology, fluorescent DNA-staining dyes were utilized as 
rfg^yihftd in Tgwari ct a1 nQ9g^ J Rml. Chem. si^ra. DNA fiagmentation (TUNEL 
staining) was deteimined using the In Situ Cell Death Detection Kit (Boehringer 
Mannheim). BJAB cells were air-dried onto Colorfipost/Plus microscope slides 
(Fisher Scientific) using 4% parafomialdehyde and the manufacturer's protocol 
followed. The TUNEL-stained cells were then counterstained with propiditmi iodide 
(10 i^ml) and visualized by fluorescence microscof^. 

To assess cell viability, the MTT Conversion Assay was udlized as follows 
and as described in Opipari, A.W. ct al. J- Biol. Chem . (1992) 267:12424-12427 and 
crystal violet staining as described in Tartaglia, Lj\. et al. (1993) Cell 74:845-853. 

Cell CtdtureS'MCFl cells, BJAB cells, and derived vector and CrmA stable 
tiansfectants along with the CrmA mutant-transfected stable Imes were maintained in 
RPMI 1640 medium si^plemented wiih 10% heat-inactivated fetal bovine serum 
(Hyclone), L-glutamine, penicillin/streptomycin, and nonessential amino acids and 
additionally sq>plemented with G418 sulfate (Life Technologies, Inc.) to 500 fig/ml 
for M CF7 transfectants and 3 mgfwl for BJAB transfectants. 

Ceramide Assays 

Ceramide levels were determined by a modified diacylglycerol kinase (DOK) 
30 as described in Tepper C. (1995), PNAS 92:8443-8447; Preiss, J. (1986) l^ioL 
ChCBU 261:8597-8600; and Jayadev, S. (1994) J Binl Chem. 269:5757-5763. 
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Immmioprecipitafi ns, Western Blotting and 2D Geb 

Immunoblotting of cell lysates for PARP was caitied out as described in 
T€wan(\995)Csii stq>ra. Yanui processing was assessed using 1 X 10^ BJAB- 
vector and BJAB-sFADD-DN cdls untreated or treated with lOQng/ml antiFas IgM 
for 18 his. Cells were then lysed in 60|il of 0.1% NP40, fiee-thawed 3X, and 
centrifuged at 14,000 rpm for 20 minutes. Cytoplasmic extracts were carefidly added 
to sample buffer and run on a 15% gel, transferred to a nitrocellulose membrane and 
immunoblotted with antibodies directed against the 1 7 kDa and 12 kDa subunits of 
Yama. To show expression of FADD-DN in BJAB and MCF7 cells, cells were 
immunoprecipitated in PBS-TDS wid! and-AUl antibody (1*100) and Western blotted 
with anti-FADD polyclonal antism (1:1000). 

Immunoprecipitation of Aie DISC and analysis on 2D gels was done as 
previously described KischkcU F.C. (1995) EMBO 14:5579-5588. Altematively, cell 
lysates were immunoprecipitated with anti-AUl antibody coupled to Protein A 
Sepharose beads as described in KischkeU F.C. (1995) stq^a. 

NF-kB assay 

MCF7-vector and MCF7-sFADD-DN cells were transacted with the NF-kB- 
20 dependent E-selectin reporter construct and luciferase activity assessed as described in 
Rotfae (1995) Scicncfi 269:1424-1427. 

Oveieaqnession of FADD causes q)optosis, resulting in cleavage of the death 
substrate poly (ADP-ribose) polymerase (PARP) to signature i^ptotic fragments. 
The deletion mutant, NFD4, was able to interact with CD95 , but Med to uiitiate 
25 apoptosis, showing that it may have a dominant negative effect on CD9S signaling. 
FADD-DN lacks 80 N*tenninal amino acids but contains the death domain 
responsible for association with the related death domain of CD95. The B lymphoma 
cell line BJAB was transfected with ddier the e^^ression vector pcDN A3 alone or as 
a FADD-DN expression construct Stable transfectants were generated by neomycin 
30 (G418) selection and pooled pqnilations assessed for FADD-DN expression and 

sensitivity to anti-Fas-induced q>optosis (BJAB-FADD-DN). Expression of FADD- 
DN in both a pooled population and in a mixture of selected clones (BJAB-sFADD- 
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DN) dramatically abrogated CD95-mduced cell deatL The apoptotic nature of the 
cell death was confirmed by the TUNEL assay wiiich detects 3 * *0H DNA strand 
breaks. The FADD-DN expressing B JAB cells were not inherently resistant to 
qx)ptotic cell death since the protein kinase inhibitor staurosporine and the calcium 

5 ionophoreA23 187 equally killed the three cell lines. CD95 sui&ceexpresdonwas 

equivalent in the vector and FADD-DN cell lines as assessed by flow cytometiy. 

To deteraiine whether the ceramide signaling event was blocked by the FADD 
derivative, B JAB cells expressing FADD-DN were treated with anti-Fas IgM and, 
subsequently, ceramide levels assessed. Consistent with a proximal role of FADD in 

1 0 CD95 signaling, FADD-DN inhibited CD9S-mediated ceramide generation (Figure 

9B). Additionally, vector and FADD-DN transfected B JAB cells were equally 
susceptible to cell death induced by the cell-penneable, active ceramide analogue, C2- 
ceramide, confinning that the block in the death pathway was prior to ceramide 
generation (Figure 9C). 

1 S Manunalian homologs of the Caenorhabditis elegans cell death protease 

CED-3 are thought to be distal effectors oftheCD95 cell dea& pathway. Yamaisan 
intracelluhur protein known in the art and described in Tewari et al. (1995)XfilL stq^ra 
iniiich is activated by CD95 engagement (see Figure 9C). Endogenous Yama is 
expressed as a 32 kD pro-enzyme and i^n activation is proteolytically processed into 

20 active 17 kDa and 12 kDa subunits. One of the proposed substrates of Yama is the 

nuclear enzyme PARP as described in Tewari et al. (1995) CsSlstq>ra, As e^qiected, 
CD95-m6diated acdvation of Yama and resulting PARP cleavage was blocked by 
F>g^D-DN (Figure 9D). 

In the yeast two-hybrid assay» FADD had a weak but specific interaction with 

25 TNFR-1. To determine whether FADD has a role in TNFR-1 induced cell death, the 

FADD derivative was transfected into TNF-sensitive MCF7 breast carcinoma cells 
and stable cell lines generated. Interestingly, FADD-DN eTqnrssing MCF7 cells were 
equaUy resistant to both CD95- and TNF-induced cell death (Figure 1 OA, Table 2), 
suggesting a proximal convergence of the cytokine-mediated cell death pathway. 

30 Additionally 293T cells transiently overexpressing TNFR-1 were protected from cell 
death by co-transfecting FADD-DN. As with the B JAB cell lines, the FADD-DN 
MCF7 cell lines were not resistant to staurosporine-induced apoptosis (Table 2). 
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Overexpression of interIeukin-1 P converting enzyme (ICE) could ''bypass" the 
dominant negative effect of the FADD derivative, suggesting that the death pathway 
was being blocked upstream of the ICE-like proteases implicated in the apoptotic 
pathway. 

5 While Remain activity ofCD9S is to tnggerapoptosis,TNFR-l can signal an 

amy of diverse pro-inflammatoiy and immunoregulatory activities. Distinct from 
CD95, TNFR-1 is an inducer of nuclear &ctor kB (NF-kB), MCF7-vector and 
MCF7-SFADD-DN cells were transfected with an NF-kB dependent reporter gene and 
relative NF-kB activity assessed (Figure lOB). In both cell lines, NF-kB was 

1 0 activated equally well, suggesting that TNFR-1 utilizes FADD to transduce the death 

signal and activates NF-icB by a different mechanism. 

To detemune the mechanism by which the FADD derivative exeits its 
dommant negative effect, co-immunoprecipitation of FADD and FADD-DN with 
CD95 or TNFR-1 was assessed. 293T cells were co-transfected with AUl -epitope 

15 tagged FADD constructs and FLAG-epitope tagged CD95, FLAG-TNFR-1, or 

FLAG-B94. Cell lysates were immunoprecipitated with anti-FADD antibody and 
subsequently umnunoblotted with anti-FLAG antibody. TNFR-1 and CD95, but not a 
control cytoplasmic protein, B94, co-immunoprecipitated with FADD-DN (Figure 
1 lA). The association of FADD and FADD-DN with CD95 was ten-fold greater than 

20 with TNFR-1, correlating with the relative apoptotic potential of the two death 

receptors. Thus, FADD-DN exerts its inhibitory action by directly or indirectly 
forming a complex with the death recqitors, preventing recruitment of endogenous 
FADD. 

In the case of CD9S, the endogenous signaling machinery was studied. Four 
25 proteins, termed CAPs (for Cytotoxicity-dependent APO-1 associated proteins), 

associate with CD95 in a ligand-dcpendent fashion. The oligomerized receptor, along 
with the associated CAPs, has been designated the CD95 death inducing «£nftltn£ 
complex (DISC). CAP3 or CAP4 are not the recently described candidate signaling 
molecules FAP-1 or RIP, as anti-peptide antibodies ci^le of detecting endogenous 
30 FAP-1 or RIP, respectively, were unable to detect either protein associated with 

activated or unactivated CD95. As expected, in vector transfected BJAB cells, the 
DISC formed iq)on anti-APO-1 treatment (Figure 1 IB). By contrast, anti-APO-1 
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Stimulated sFADD-DN cells did not fonn a complete DISC. Instead, FADD-DN 
complexed widi CD95 in a ligand-dependent fashion and inhibited tiie recruitment of 
FADD, CAPS and CAP4, thereby disrupting the DISC (Figure 1 IB). Similar results 
were obtained using FADD-DN expressing MCF7 cells. Thus, the N-terminus of 

5 FADD is required for the recniitment and assembly of the downstream DISC 

components, CAP3 and CAP4. 

Thus, FADD is established as the proximal signal transduction of CD95. 
Many of the contenders, including RIP and FAPl, were not found associated with the 
active or inactive receptor, nor are dominant negative inhibitors likely to exist Of 

10 paramount importance is the fact that the dominant negative version of FADD 

potently abrogates TNF-induced apoptosis but not TNF-induced NF-kB activation. 
This FADD likely is the common conduit of the cytokine-mediated death signal and 
also demonstrates that the signaling pathways for TNF-induced qx)ptosis and NF-kB 
activation are distinct (Figure 1 IC). FADD is both a necessaiy and sufficient 

1 5 mediator of CD95 and TNFR-1 -induced apoptosis as overexpression of FADD 

engages the cell death machinezy, v^e a truncated derivative acts as a potent 
dominant negative regulator. 
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TABLE2 

Expression of FADD-DN in MCF7 cells blocks CD95- 
and TNF-indaced apoptosis 

5 MCF7 stable cell lines were generated using the method described for the 

BJAB stable lines. MCF7-FADD-DN is a pooled population of transfectants while 
the MCF7-SFADD-DN is a mixture of selected clones. Expression was confirmed by 
Western blotting for FADD-DN (Figure lOA). The indicated MCF7 cell lines were 
transiratly transfected with pCMV-P-gai (0.25 |ig), pcDNA3-Fas (0. 1 ixg) and control 

10 vector DNA (1.0 ^g) or pcDNA3-AUl-hICE (1.0 ^g). Twenty-four hrs. after 

transfcction, cells were treated with anti-Fas IgM (250 ng/ml), TNF (100 ng/ml) or 
ImM staurosporine (Sigma). Transfection and X-gal staining were done as previously 
described in Boldin, M.D. et al. (1995) J. Biol.Chem. 270:7795-7798. The data 
(mean ± SD; n of at least 300 cells) represents the percentage of non-apoptotic cells. 

1 5 Round cells were confirmed to be iq)optotic by propidium iodide staining of nuclei. 

'% Non-Aptotic Cells 

MCF7-Vector MCF7-FADD-DN MCF7-sFADD-DN 



UnRx 85.8 :t 5.0 82.9^:5.5 86.4 ±0.8 

anti-FasIgm 18.1 ±6.0 51.0±5.7 80.5±3.7 

TNF 16.7 ±7.6 52.5 ±4.5 83.9 ±1.6 

staurosponne 3.6 ±1.8 2.8 ±2.1 5.1 ±3.0 

ICaE 35.5 ±1.8 26.5 ±8.7 26.2 ±4.4 



It is to be understood that while the invention has been described in 
conjunction with the above embodiments, that the foregoing description and the 
examples are intended to illustrate and not limit the scope of the invention. Other 
20 aspects, advantages and modifications within the scope of the invention will be 
apparent to those skilled in the art to ^ch the invention peitains. 
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1. A protein characterized by having the ability to bind the cytoplasmic region of 
a Fas recq>tor. 

2. Purified mammalian protein of claim 1. 

S 3. A polypeptide fragment of the protein of claim 1. 

4. A FADD protein or polypeptide that has been recombinantly produced and 
isolated from a host cell. 

5. A nucleic Ecld molecule coding for a protein or pol3^peptide characterized by 
having the abili^ to bind the cytoplasmic domain of the Fas receptor. 

10 6. An antibody capable of specifically forming an antibody complex with the 
protein of claims 1 or 2. 

7. An agent characterized by having the ability to inhibit the binding of the 
mammalian protein of claim 1 to the cytoplasmic domain of a Fas receptor. 

8. An agent characterized by inhibiting Fas-associated apoptotic cell death. 

15 9. A faybridoma cell line which produces the antibody of claim 15. 

10. ' A method of modulating a cellular fimction regulated by the FADD pathway 
in a suitable cell, ^ch comprises introducing into the cell a FADD nucleic 
add and growing the cell under suitable conditions such that the nucleic acid 
is transcribed and translated into FADD protein in the cell. 

20 11. A mediod for screening for an agent usefiil to modulate cellular fimction 
regulated by the FADD pathway, the method comprising the steps of: 

a) prodding a FADD domain receptor known to bind FADD to a solid 
si^port; 

b) contacting the agent to be tested with the receptor bound support of 
25 step a) under conditions iavoriog binding of the domain to ^ ADD; 
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c) contacting detectably-labeled FADD to the solid support of step b) 
under conditions favoring binding of the domain receptor to FADD; 

d) detecting the presence of any complex formed between the domain 
receptor and FADD to fonn receptor-FADD complex; 

5 e) the absence of complex being indicative that the agent inhibits binding 

of FADD to the receptor, and 

f) analyzing the results of stq) d) to determine how the agent modulates 
the cellular function regulated by the FADD pathway. 

12. A method for screening for an agent usefiu to modulate ceiiular function 
10 regulated by the FADD receptor, the method comprising the steps of: 

a) providing a FADD domain receptor known to bind FADD bound to a 
solid support; 

b) contacting detectably-iabeled FADD to the solid support of step a) 
under conditions favoring binding of the domain receptor to FADD; 

15' c) contacting the agent to be screened with the receptor bound support of 

step b) under conditions favoring binding of the domain to the receptor 
to FADD; 

d) detecting the presence of any complex formed between domain 
receptor and FADD to form receptor-FADD complex; and 



20 e) the absence of complex being indicative that the agent competitively 

inhibits binding of FADD to the receptor; and 

f) analyzing the results of step e) to determine how the agent modulates 
the cellular function regulated by the FADD receptor pathway. 

13. The agents identified by the methods of claims 1 1 or 12. 



25 1 4. The method of claim 11 or 1 2, v^erein the FADD domain receptor, is Fas, 
TOFR-1, or CAPP3/CAPP4. 
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CTC^GGT TCGGGGGTGG AATCCTT6GG CCGCTGGGCA AGCGGCGAGA CCT6GCCAGG 

100 

GCCAGCGAGC CGAGGACAGA GGGCGCACGG AGGGCCGGGC CGCAGCCCCG GCCGCTTGCA 

GACCCC6CC ATG GAC CCG TTC CTG GTG CTG CTG CAC TCG GTG TCG TCC 
Met Asp Pro Phe Leu Val Leu Leu His Ser Val Ser Ser 

200 CLONE IS^ 

AGC CTG TCG AGC AGC GAG CTG ACC GAG CTC AAG TTC CTA TGC CTC GGG 
Ser Leu Ser Ser Ser Glu Leu Thr Glu Leu Lys Phe Leu Cys Leu Gly 

CiOA/Cfl 

CGC GTG GGC AAG CGC AAG CTG GAG C6C GTG CAG AGC GGC CTA GAC CTC 
Arg Val Gly Lys Arg Lys Leu Glu Arg Val Gin Ser Gly Leu Asp Leu 

300 

TTC TCC ATG CTG CTG GAG CAG AAC GAC CTG GAG CCC GGG CAC ACC GAG 
Phe Ser Met Leu Leu Glu Gin Asn Asp Leu Glu Pro Gly His Thr Glu 



CTC CTG CGC GAG CTG CTC GCC TCC CTG CGG CGC CAC GAC CTG CTG CGG 
Leu Leu Arg Glu Leu Leu Ala Ser Leu Arg Arg His Asp Leu Leu Arg 

400 

CGC GTC GAC GAC TTC GAG GCG GGG GCG 6CG GCC GGG GCC GCG CCT GGG 
Arg Val Asp Asp Phe Glu Ala Gly Ala Ala Ala Gly Ala Ala Pro Gly 



GAA GAA GAC CTG TGT GCA 6CA TTT AAC GTC ATA TGT GAT AAT GTG GGG 
Glu Glu Asp Leu Cys Ala Ala Phe Asn Val He Cys Asp Asn Val Gly 

▼ 500 

AAA GAT TGG AGA AGG CTG GCT CGT CAG CTC AAA GTC TCA GAC ACC AAG 
Lys Asp Trp Arg Arg Leu Ala Arg Gin Leu Lys Val Ser Asp Thr Lys 

ATC GAC AGC ATC GAG GAC AGA TAC CCC CGC AAC CTG ACA GAG CGT GTG 
lie Asp Ser He Glu Asp Arg Tyr Pro Arg Asn Leu Thr Glu Arg Val 

600 

CGG GAG TCA CTG AGA ATC TGG AAG AAC ACA GAG AAG GAG AAC GCA ACA 
Arg Glu Ser Leu Arg lie Trp Lys Asn Thr Glu Lys Glu Asn Ala Thr 



GTG GCC CAC CTG GTG GGG GCT CTC AGG TCC TGC CAG ATG AAC CTG GTG 
Val Ala His Leu Val Gly Ala Leu Arg Ser Cys Gin Met Asn Leu Val 

GCT GAC CTG GTA CAA GAG GTT CAG CAG GCC CGT GAC CTC CAG AAC AGG 
Ala Asp Leu Val Gin Glu Val Gin Gin Ala Arg Asp Leu Gln^ Asn Arg 

FIG. 2A 



WO9a31fi03 rCT/DS9MI2>S7 



3/25 

700 

AGT GGG 6CC ATG TCC CCG ATG TCA TGG AAC TCA GAC GCA TCT ACC TCC 
Ser Gly Ala Met Ser Pro Met Ser Trp Asn Ser Asp Ala Sen Thr Sen 



GAA 6CG TCC T6A TG6GCCGCTG CTTTGCGCTG GTGGACCACA GGCATCTACA 
Glu Ala Ser * 

800 

CAGCCTGGAC nTGGnCTC TCCAGGAAGG TAGCCCAGCA CT6TGAAGAC CCAGCAGGAA 

900 

6CCAGGCT6A GTGA6CCACA GACCACCTGC TTCTGAACTC AAGCTGCGTT TATTAAT6CC 



TCTCCC6CAC CAGGCCGGGC TTGGGCCCTG CACAGATATT TCCATTTCTT CCTCACTATG 

1000 

ACACTGAGCA AGATCTTGTC TCCACTAAAT GAGCTCCTGC GGGAGTAGTT GGAAAGTTG6 



AACCGTGTCC AGCACAGAAG GAATCTGTGC AGATGAGCAG TCACACTGTT ACTCCACAGC 
1100 

GGAGGAGACC AGCTCAGAGG CCCAGGAATC GGAGCGAAGC AGAGAGGTGG AGAACTGGGA 

1200 

TTTGAACCCC CGCCATCCTT CACCAGAGCC CATGCTCAAC CACTGTGGCG HCTGCTGCC 



CCTGCAGTT6 GCAGAAAGGA TGTnTGTCC CATTTCCnG GAGGCCACCG GGACAGACCT 

1300 

GGACACTAGG GTCAGGCGGG GTGCTGTGGT GGGGAGAGGC ATGGCTGGGG TGGGGGTGGG 

GA6ACCTGGT TGGCCGTGGT CCAGaCHG 6CCCCTGTGT 6ASTTGAGTC TCCTCTCTGA 
1400 

GACTGCTAAG TAGGGGCAGT GATGOHGCC AGGACGAAH GAGATAATAT CTGTGAGGTG 

1500 

CTGATGAGTG AHGACACAC AGCACTCTCT AAATCTTCCT TCTGAGGAH AT6GGTCCTG 



CAAHCTACA GTTTCnACT GTTTTGTATC AAAATCACTA TCTTTCTGAT AACAGAATTG 

1600 

CCAAGGCAGC GG6ATCTC6T ATCTTTAAAA AGCAGTCCTC TTATTCCTAA 6GTAATCCTA 



TTAAAA 

FIG. 2B 
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